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THE ANT PRENOLEPIS IMPARIS SAY.* 


WILLIAM MortTON WHEELER, 


Harvard University. 


To the myrmecologist the ants that belong to the ancient 
preglacial circumpolar fauna are of unusual interest, and 
among these none is more deserving of study than the small, 
shining, brown or yellowish Prenolepis imparis, because it is 
almost indistinguishable from P. henschet Mayr, a species that 
flourished in the amber forests of the Lower Oligocene Tertiary 
of northern Europe. In addition to its great antiquity and its 
extraordinary morphological stability throughout postoligocene 
time, P. imparis also exhibits certain behavioristic peculiar- 
ities which have not been sufficiently emphazied in the literature. 


A. Distribution and Ethology of P. imparis. 


As redefined by Emery in 1906, the genus Prenolepis 
contains only eight described species, namely acuminata Forel 
of Mexico, gibberosa Roger of Cuba, imparis Say of North 
America, jerdont Emery of Indomalaya, melanogaster Emery of 
Upper Burma and Indochina, nitens Mayr of Europe, naoroji 
Forel of Hindoustan and the above-mentioned fossil species 
henschei of the Baltic amber. This list, however, will have to 
be reduced because acuminata is very probably a Paratrechina 
and not a Prenolepis, and nitens, as I shall show, is a mere 
variety of tmparis. Furthermore, imparis itself is scarcely 
more than a variety of the extinct henschet. At any rate, the 
neotropical and paleotropical species gibberosa, jerdoni, melano- 
gaster and naoroji are quite different from the group com- 





*Contributions from the Entomological Laboratory of the Bussey Institution, 
Harvard University, No. 319. 
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prising the very closely interrelated imparis, nitens and henschet. 
Of course, the wide and discontinuous distribution of its various 
species is an argument in favor of the great age of the genus 
Prenolepis, which may actually have had its origin during the 
Eocene or Cretaceous. 

Say described P. imparis (‘‘ Formica imparis’’) as long ago 
as 1835 from male and female specimens taken in copula in 
Indiana. The specific name obviously refers to ‘‘the great 
disparity in color and magnitude between the male and female.”’ 
Mayr described nitens in 1852 as a Tapinoma, but in 1861 made 
it the type of his genus Prenolepis. Opinions on the status 
of this form have varied. Dalla Torre (1893) and Ruzsky (1905) 
regarded it as a variety, and Emery (1910) as a subspecies of 
imparis, but in 1916 he raised it to specific rank, citing as 
his reasons the circumscribed geographical range of nitens, the 
stouter body and shorter appendages of its worker and the more 
heavily infuscated wings of its sexual forms, as compared with 
imparis. He was unable to detect any noticeable differences 
in the male genitalia. 

P. nitens is confined to a limited area (shown in the map 
Fig. 1 B), as will be seen from the following data: Mayr records 
it from Tyrol, Carinthia, Transylvania and Dalmatia; Roger 
from Croatia, northern Turkey and Constantinople; Forel from 
Herzegovina, Albania, Cattaro, Corfu, Attica in Greece, Lesbos 
and Bulgar Dagh, in Asia Minor; Santschi from Roumania and 
Ruzsky from the western Caucasus and the Black Sea district. 
It just enters Italy at the head of the Adriatic, occurring, 
according to Emery at Palmanova. More recently Finzi has 
found it near Trieste in Venezia Julia and on the island of 
Cherso, off the Dalmatian Coast. It would seem, however, 
that P. nitens must be a rather rare or sporadic ant, because its 
citation in recent lists of Formicide from the Caucasus, Balkan 
Peninsula and Asia Minor is very infrequent. In some of the 
older literature it is recorded as occurring in a few localities in 
western Europe. In 1855 F. Smith described an ant as Tapi- 
noma polita, later regarded as a synonym of P. nitens, from a 
single worker specimen captured at Bournemouth, England, 
and Bingham (1906) recorded nitens as living in the tropical 
fern house of the Kew Botanic Gardens. According to Bos 
(1887) both von Vollenhoven and Ritsema recorded this ant 
from the Leyden Botanical Garden. Donisthorpe (1908) 








1930] Wheeler: The Ant Prenolepis 3 


could no longer find it at Kew and Blote (1924) failed to find it 
in Leyden. It was obviously introduced into both botanical 
gardens with plants or soil, and it is now impossible to state 
whether the form was really nitens from Eastern Europe or the 
typical imparis from North America. The workers of the two 
forms are so similar that even an expert myrmecologist might 
fail to distinguish them. I possess three workers and three 
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Fig. 1. Distribution of Prenolepis. A, P. henschei Mayr of the Baltic amber; 
B, P. imparis var. nitens Mayr; C, P. tmparis sens. str. and its North 
American varieties. 


males of the typical nitens from Lesina, Dalmatia, received 
many years ago from G. Mayr. The workers are indistinguish- 
able from dark forms of imparis from the Atlantic states and 
though the wings of the males are somewhat darker than in 
most forms of imparis, there are western varieties with wings 
of the same color as nitens. The present circumscribed or 
discontinuous distribution of the latter is no reason for regarding 
it as a distinct species, since the same argument would require 
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us to regard the North American and Eurasian forms of Camp- 
onotus herculeanus, C. carye, Formica sanguinea, F. fusca, Lepto- 
thorax acervorum etc. as distinct species. In the case of P. 
imparis and nitens the discontinuity of distribution is merely 
greater. 

A study of the American specimens of P. imparis that 
have been accumulating for many years in my collection, 
shows a remarkably wide distribution, covering nearly the 
whole of the United States, at least a portion of Ontario and the 
highlands of Mexico as far south as the states of Vera Cruz and 
Colima. In general, therefore, the range of the species in 
North America extends from lat. 19° to about 46°. Emery 
(1893) distinguished three forms of imparis: the type, a var. 
testacea and a var. minuta, and I have described in the sequel 
six additional varieties—pumuila, californica, arizonica, colo- 
radensis, veracruzensis and colimana. All of these and Emery’s 
varieties are based on rather feeble and elusive characters and 
are in part connected by intermediate forms, so that the species 
as a whole may be said to exhibit little morphological variation 
though it is sufficiently unstable in such characters as stature, 
pilosity, and color to permit recognition of certain feebly 
differentiated geographical forms (subraces). 

Very little is known concerning the habits of the var. 
nitens. Finzi (1921) found it to be rather common in certain 
localities under stones in very moist places. The American 
forms, according to my observations, very rarely nest under 
stones, but make obscure crater nests, usually with a single 
small orifice, in shady places.* The typical imparis prefers 
moist, clayey soil, the var. testacea sandy soil or pure sand. 
The nests occur so frequently near oaks, even if they belong to 
our dwarf ‘‘scrub’’ species, that one suspects some definite 
association between the ants and these plants. Moreover, 
the general range of imparis and the oaks in North America is 
nearly conterminous, though the latter extend somewhat farther 
south (to Gautemala) and somewhat farther north (to Nova 
Scotia). Yet even within its general range imparis seems to 
be lacking over considerable areas, especially in the Rocky 
Mountain region. Much more intensive observation in the 
field will be required before its precise ecological distribution 


*Dr. A. H. Sturtevant has recently informed me that the variety described 
below as californica regularly nests under stones. 
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can be determined. This is difficult, because the ant is very 
timid and retiring and perhaps to some extent crepuscular 
or even nocturnal. At least it seems to avoid the open sun- 
light and to be most active in the shade and on cool or cloudy 
days. I have found the young deadlated queens, which closely 
resemble those of Lasius niger, founding independent incipient 
colonies in small chambers in the soil. 
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Fig. 2. Distribution of the species of Liometopum. A, L. oligocenicum Wheeler 
of the Baltic amber; B, L. microcephalum Panzer; C, L. lindgreni Forel; 
D, L. sinense Wheeler; E, Distribution of L. apiculatum Mayr and occi- 
dentale Emery, covering the area of the fossil species L. miocenicum 
Carpenter and scudderi Carpenter in the Miocene of Colorado. 


The food of P. imparis consists of liquids, especially the 
‘“honey-dew’’ of aphids and coccids, the nectar of flowers and 
extrafloral nectaries, the exudates of living oak-galls, the 
juices of dead earthworms and those derived from the young 
tissues of plants. These various liquids are imbibed in such 
quantities by the foraging workers that their gasters become 
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greatly distended (Fig. 3) and make their gait very unsteady. 
In this condition they are really ‘‘repletes’’ like those of the 
true honey-ants of the Southwestern States and Mexico (Myr- 
mecocystus melliger and mexicanus). The feeding of imparis 
(var. californica) on young plant-tissues has been recently 
called to my attention by Mr. H. M. Armitage and indicates 
that these small timid ants may become of some economic 
importance. He writes me that in Los Angeles County, 
Cal., they ‘‘were observed feeding extensively not only on the 
calyx and unopened petals of fruit buds of oranges, but also 
on the tender new growth. This condition was credited to the 
fact that the ants become active before the normal citrus 
bloom and at a time when little natural feeding was available.” 
Mr. A. C. Burrill has recently made very interesting observations 
on the feeding habits of tmparis and its singular resistance to 
cold in the Arnold Arboretum at Forest Hills, Mass., and in 
Missouri, and permits me to quote some of his unpublished 
notes: 

‘‘T was led to make continuous observations on P. imparis 
after casually noticing that it appeared at the surface of the 
soil later in the fall and earlier in the spring than any of our 
other ants. During the rather warm winter of 1927-28 I 
selected for daily observation a nest with two entrances in the 
Arnold Arboretum. The workers were observed to come out 
onto the surface of the soil nearly every week throughout the 
winter. The lowest temperatures recorded when the ant came 
out were on February 6, 1928, when the temperature in the 
early morning was 6° F. (26° below freezing). At noon, less 
than eight hours later, a worker appeared at the surface though 
the soil was still frozen. On February 25 a worker passed 
from one entrance to the other with a sharp wind blowing at 
27° F., as recorded by a tested thermometer at one inch above 
the ground. The sun, however, induced a thaw, so that the 
temperature of the ground was really 33.5° F. Tests with 
honey enticed more of the workers out of doors till the surface 
cold had fallen to 30° F, when the surface of the soil was frozen 
and the ants brushed against hoarfrost around their entryway. 
Honey does not freeze at such a temperature and ants can 
still lap it up slowly. 

‘‘On cool, humid middays below 60° F. workers may remain 
active above ground all day, but seldom stay in the bright 
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sun or on dry soil. They are at their best during or after 
cold rains, or a cold, humid period with overcast skies. They 
were most active outdoors between 35° and 55° F. all winter, 
but they occasionally crawled over the soil below 30° F. or above 
60° F. One case of great activity occurred when a colony 
moved to a new site during a drizzle and kept excavating the 
new nest down into the subsoil with air-temperature about 
60° F. 

‘‘For about five months these ants lived on dead or dying 
earthworms driven above ground by rains. If other food was 





Fig. 3. Prenolepis imparis Say. a, worker in ordinary condition; b, same 
in the ‘‘replete’’ condition. 


available besides honey-dew or honey that had been stored in 
the crops of the repletes during the fall, I failed to discover 
it. I often saw imparis leave an earthworm that had been 
dried up by the sun and return to it as soon as another rain had 
soaked it up again. 

‘‘Similar observations were made in regard to the winter 
activities of imparis at Jefferson City, Mo., during the winter 
of 1928-29. The ants were nesting in trodden, clayey, poorly 
drained loess soil. The workers were excavating December 
14, 15 and 16, which were followed by a heavy freeze-up.”’ 
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Mr. Burrill’s observations show that the ants do very little 
excavating during the winter but that this sets in suddenly a 
few days before the nuptial flight. This, as I have frequently 
noticed, takes place as early as the latter fortnight of March 
or the first fortnight of April. That the period must be much 
the same for the different varieties and over a considerable 
portion of the United States is indicated bv the following 
dates of nuptial flights recorded in my notebooks, on the labels 
of mounted males and winged females or in the literature: 


P. imparis (typical). Forest Hills, Mass., March 15 and 25; April 4, 5 and 6; 
Bridgetown, N. J., March 28; Albany, N. Y., March; Wauwatosa, Wis., April 
20; Jefferson City, Mo., March 19, 20 and 21; Lawrence and Riley Co., Kansas, 
March, April 2. 


var. testacea. Bronxville, N. Y., April 10; Plummer’s Island, Maryland, April 12. 
var. minuta. District of Columbia, April; Cape May, N. Y., March 24. 
var. californica. Stanford University, Cal., Jan. 30, Feb. 23, and March 19. 


The winged sexes that participate in the nuptial flights 
mature during the late summer of the previous year and are 
retained in the nests over winter. I have found males and 
winged females of the var. testacea at Lakehurst, N. J. in the 
nests on September 24. This retention of the sexual phases 
over winter occurs in a few of our other northern ants, e. g. 
in the various varieties of Camponotus herculeanus and of C. 
carye, but in these cases the flight is later, usually in May or 
June, or even in July. The very early flight of imparis was 
first observed in Indiana by Say., who says: ‘‘They appeared 
in great numbers on the 2nd of April; the males swarmed around 
small bushes, alighting on the branches and leaves. The 
females were few.’’ I have seen such flights of the males about 
the Japanese barberry bushes in the Arnold Arboretum on fine 
days in late March and early April. The males dance up and 
down in rather compact swarms like the late summer swarms 
of male bees of the genus Chloralictus.* 


*The date and form of the marriage flight in ants are really specific characters 
and are clearly adaptations to the ecological conditions. Kusnezov-Ugamsky 
(1927, 1929) has called attention to certain peculiarities in the flights of ants in the 
deserts of Turkestan. He finds that they are very unfavorable to the flights at 
certain seasons, especially during the summer, probably, I surmise (I cannot read 
the Russian text), because the soil is then too dry and hot and the young recently 
fecundated queens are unable to dig deeply into it, or because the winds are too 
severe and make mating difficult. The species of Messor (rufus and barbatus), 
which are completely adapted to a desert life, therefore have their flights in the 
early spring (March and beginning of April), after overwintering the males and 
females in the nest. In the exquisitely deserticolous species of Cataglyphis the 
marriage flight has been suppressed. The females leave the nests singly and run 
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Both Burrill’s observations on its activity during the 
winter months and those on its very early nuptial flight indicate 
that P. imparis may be regarded as negatively thermotropic, 
or adapted to cold, unlike our other ants which are distinctly 
thermophilous, or thermotropic.t This is also indicated by the 
nesting habits of imparts. There are numerous observations 
on the hibernation of some of the more common ants of the 
north temperate zone. The behavior of most of them during 
the cold months is like that recently described by Holmquist 
(1928) in his study of Formica ulket in northern Illinois. He 
found in this species that the activity of the workers at the 
surface of the nest declined gradually from September 10 to 
November 1, after which date they remained dormant in 
clusters in their galleries below the frost line. On April 2, 
as soon as the frost had disappeared from the ground they 
gradually revived and returned to the surface but it was not 
till May 14 that the hibernation aggregations had completely 
broken up. ‘‘The hibernation period of this species was a 
prolonged one (5 to 8 months). The winter of 1924-25 was not 
unusually long for the Chicago region, and it is assumed that 


about or skip nimbly over the surface of the soil with the aid of their wings like 
Pompilid wasps. I have also observed this peculiar behavior of Cataglyphis 
species in June and July in the desert regions of Morocco and Southern Spain. 
Kusnezov-Ugamsky believes that the absence from the deserts of Turkestan of 
whole genera, such as Formica, Lasius and Myrmica, is due to the fact that their 
species have stabilized their flight for midsummer and it is precisely at this season 
that the desert offers the most unfavorable conditions. My observations on the 
ants of our Southwestern deserts do not agree with Kusnezov-Ugamsky’s interpre- 
tation, except in the case of Veromessor, which is very closely related to the Old 
World Messor. I have found many males and winged females in the nests of 
V. pergandei as early as March 9 and April 20, so that they must winter over and 
fly in the spring, but the sexual forms of Novomessor cockerelli and albosetosus do not 
develop until early June. Various species of Pogonomyrmex have their marriage 
flights from June to August in the deserts of Texas, Arizona and California, and I 
have described (1917) those of Moellerius versicolor and the nestfounding of recently 
fecundated queens of Myrmecocystus melliger mimicus in the Arizona desert on 
July 30. This was just after a cloudburst, however, when the soil was very damp 
and the air was clear and still. I believe that the conditions for summer marriage 
flights of ants, owing to occasional rains at that season, must be much more favor- 
able in our American deserts than in those of Turkestan. 


+The number of insects that remain active out of doors at low temperatures 
during the late fall, winter and early spring has been underestimated. Frison 
(1927) has called attention to this in his valuable paper on the fall and winter 
stoneflies (Plecoptera). It is significant that these as well as the more famous 
species of Boreus and Chionea and Desoria glacialis, the ‘‘glacier flea,’’ all belong 
to very primitive groups. Miss N. Ford (1926) has called attention to the resistance 
to cold of Grylloblatta campodeiformis, another ancient form: ‘‘If placed in a large 
vessel containing pieces of ice the insects keep close to the ice, on it or under it, 
and as the ice melts, forming miniature streams, the Grylloblatte readily wade 
them.”’ 
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this period is normal for this species. As compared with the 
hibernation period of most insects it is a long one.’’ Steiner 
(1925) has shown that the temperature of dormant, hibernating 
aggregations of Formica rufa and Lasius niger in.Switzerland is 
essentially that of the surrounding soil. In a later paper (1929) 
he demonstrates that while in bees and to a less extent in social 
wasps the nest-temperature is determined by the physiological, 
or body heat produced by the insects themselves, this is not 
the case in F. rufa and exsecta, but depends on the structure 
of the nest as an arrangement for securing and conserving the 
physical heat, or that due to diurnal insolation. The latter 
even in mound nests, like those of rufa, is retained only during 
a portion of the night, whereas in nests that are merely mined 
in the soil (crater nests), the heat of insolation is lost at nightfall. 

These facts lead to a consideration of the differences between 
mined, or crater nests and those excavated in the soil under 
stones, and suggest that the exclusive occupation of crater 
nests in moist, poorly drained soil in the shade may be regarded 
as a further indication of the negative thermotropism of P. 
imparis. I have already mentioned the fact that this ant, 
in Eastern North America, almost never lives in nests under 
stones. Now the great majority of temperate region ants 
live either in crater nests or in the soil under stones and the 
prevalence of one or the other according to temperature and 
humidity presents an interesting and complicated ecological 
problem. In the desert regions of Africa, Asia, North America 
and Australia the crater nest is the common and often the 
only type of nest observed (see also Kusnezov-Ugamsky 1925). 
In such regions there is no need to conserve the heat of insolation 
in the nests. The soil temperature, in fact, is often too high 
for the comfort of the ants, so that they suspend all activities 
at the surface, remain in the depths of their galleries during the 
hottest hours of the day and forage only in the cool of the morn- 
ing or evening or at night. 

Forel (1874) was, I believe, the first to call attention to the 
great prevalence of nests under stones at high elevations in 
the mountains and his observations have been confirmed by 
Steiner (1929), who has given a careful analysis of this type of 
nidification. Stones that are not too small are very advantage- 
ous at high altitudes because they protect the nest from wind 
and other inclemencies of the weather, the too rapid evaporation 
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of moisture from the soil beneath them and above all, because 
they are rapidly heated by the sun and transmit their heat 
to the surface galleries. They have the disadvantage, however, 
compared with the mounds of vegetable débris accumulated by 
such ants as Formica rufa, exsecta, etc. in losing their heat 
rapidly by radiation after nightfall. Nevertheless, nests under 
stones are very common also in rather dry climates even at 
low altitudes, as in many parts of the United States. Indeed, 
many of the common circumpolar species nest in this country 
under stones, though the same or closely allied forms in Central 
Europe, where the soil and atmospheric humidity is greater, 
prefer to construct small mound nests or those with at least 
some accumulation of earth or débris over the excavated 
galleries to act as capturers and storers of the feebler heat of 
insolation and thus serve as incubators for the brood during the 
early summer months. Quite a number of ants, however, nest 
under stones in the shade of woods, thickets, etc. Some of our 
species, like those of the genera Ponera, Stigmatomma, Myr- 
mecina, Stenamma, Aphaenogaster, Brachymyrmex, all Acan- 
thomyops and some Lasius, require only moderate warmth and 
the shaded stones probably take up from the air and transmit 
to the soil sufficient heat during the breeding season. These 
ants, however, seem to demand a greater or more equable soil 
moisture than those which nest under stones exposed to the sun. 
I have introduced this digression as tending to throw the 
singularity of P. imparis into stronger relief, since this ant, 
as a rule, merely mines its nests rather deeply into damp, 
shaded soil and fails to take advantage even of the slight heat- 
storage of the stones that are often found in its immediate 
environment. 

Besides its cryophily, or negative thermotropism there are 
two other negative peculiarities of P. imparis worth mentioning. 
One is its failure to keep root aphids or coccids in its nests, 
like the species of Lasius, Acanthomyops and Brachymyrmex 
so common in the same situations. This may seem surprising, 
because imparis is so fond of honey-dew, till we consider that 
the habit of keeping root Homoptera is probably amply com- 
pensated by its ability to develop repletes capable of storing 
large quantities of liquid food. It is not so easy to account 
for the fact that the nests of an ant so defenceless and so 
addicted to feeding by regurgitation, contain: no guests or 
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myrmecophiles. At least there is no record of such an occur- 
rence, though imparis is very common in the Atlantic States 
where coleopterists and other entomologists have long been 
searching the nests of our various Formicidae for myrmeco- 
philes. In this connection the occurrence of pseudogynes in 
Prenolepis is interesting. In 1914 I described two pseudogynes 
of P. henschei from the Baltic Amber and more recently have 
found one of P. imparts var. testacea among some workers from 
Georgia. Though apparently very rare, the occurrence of such 
pathological stages between female and worker are worthy of 
note, because their presence can hardly be attributed to the 
infestation of the colony with larva-devouring symphiles, as 
in the case of the famous pseudogynes of Formica sanguinea. 
If it be true, as I believe, that the American and Eurasian 
forms of P. tmparis are scarcely more than varieties of the 
Upper Oligocene henscheit, we may suppose that the latter had 
a wide circumpolar distribution during the Early and Middle 
Tertiary and that the living forms represent the remnants of 
that fauna after its southward displacement by the Pliocene 
glaciation. This is also Emery’s opinion (1920). He accounts 
for the present distribution of the var. nifens on the supposition 
that it was exterminated north of the Alps, which formed a 
barrier to its southward migration in western Europe, but 
managed to survive in the southeast by escaping through the 
gap between the Balkan Alps and the Caucasus. P. nitens is 
therefore a glacial relict which, after the return of a milder 
climate, has spread over the limited area it now occupies. 
In North America, on the other hand, the north-south trend 
of the mountain ranges permitted a more extensive southward 
migration, survival and subsequent partial northward reoccu- 
pation of the original territory of the species. Not improbably, 
however, imparis in North America may have actually suffered 
very little displacement beyond the southern border of the 
ice-sheet. In this connection the ant’s negative thermotropism 
might be supposed to have been acquired during the Glacial 
Epoch, but there seems to be another way of accounting for 
this resistance to cold, as I shall suggest in the sequel. 
Emery has called attention to the resemblance of the 
present distribution of P. imparis to that of the ants of the 
Dolichoderine genus Liometopum. This is shown in the 
accompanying maps (Fig. 1 and 2). In the Old World the 
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genus comprises two fossil and three extant species. In 1914 
I described one of the former, L. oligocenicum, from the Baltic 
amber, and Mayr (1867) had previously described the other, 
L. antiquum, from the Radoboj-shales of Lower Miocene age.* 
The three living Old World species comprise, first, the well- 
known L. microcephalum Panzer, which covers the range of 
P. imparis var. nitens but has a wider distribution, extending 
to Italy and Sicily, Southern Russia, the Eastern Caucasus 
and Turkestan and therefore occupying a territory enclosing 
the Adriatic, Black, Caspian and Aral Seas; second, L. lind- 
greent Forel, inhabiting Assam and, according to Bingham, 
also Upper Burma; and third, L. sinense Wheeler, which seems 
to be widely distributed in Southern China. In North America 
there are three species, two fossil, namely miocenicum and 
scudderi, both recently described by Carpenter (1930) from 
the Miocene shales of Florissant, Colorado, and two living 
species, L. occidentale Emery of California and Oregon and 
L. apiculatum Mayr, with several subspecies, in part still 
undescribed, and ranging over the warmer lower slopes of the 
mountains from Southern Alberta to the State of Colima in 
Mexico, but not east of the hundredth meridian in the United 
States. The species of Liometopum are so closely interrelated 
that a conservative ‘‘lumper’’ might regard them all as varieties 
of a single species. Comparison of the two maps (Figs. 1 and 2) 
shows that the species of Liometopum, though discontinuous in 
their individual ranges, together occupy a much more extensive 
territory than the varieties of imparis. It will be seen also 
that the Liometopums are confined to xerothermal mountain 
areas. They are even more conspicuously associated with 
oaks than imparis, and build large, finely trabecular, carton 
nests in the cavities of their trunks. The colonies are very 
populous and aggressive, though frequently, at least in North 
America, harboring numerous Staphylinid myrmecophiles 
(A pteronina schmitti Wasm. and Dinardilla liometopi Wasm.). 
The velvety, strong-smelling workers forage in dense files on 
the vegetation where they secure honey-dew and miscellaneous 
insect food. For a more detailed account of the habits of 

*I doubt the generic identification of this ant. The type is a female, described 
as only 5 mm. long, whereas this sex in all the other species is much larger. More- 
over, the workers of the still older oligocenicum are as large as those of the living 


species. I regard two other described fossil species from Radoboj, imhoffi Heer 
and schmidti Heer, as even less probably referable to the genus Liometopum. 
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L. microcephalum the reader may be referred to the papers of 
Emery (1891) and Forel (1892) and for observations on L. 
apiculatum and occidentale to one of my early papers (1905). 

While we may assume that the earliest known ancestors 
of both P. imparis and Liometopum are represented by P. 
henschei and L. oligocenicum respectively of the Baltic amber, 
it does not necessarily follow that the latter belonged to the 
same geological age. We have long known that among the 
amber insects there are two distinct faunal components, one 
closely related to our present circumpolar, north temperate 
species, the other more closely related to the tropical or sub- 
tropical species of the Indomalayan and Australian Regions. 
It has been assumed, therefore, either that the formation of 
the amber must have covered a long period with two different, 
successive climates, or that the specimens represent a mixture 
of contemporary forms which, however, actually lived at very 
different altitudes. That the ancient Samland was moun- 
tainous is indicated by Ulmer’s study of the amber caddice- 
flies, which belong partly to modern genera whose larve live 
in torrential waters and partly to those whose larve inhabit 
sluggish streams or pools. A palaeobotanist, Professor E. W. 
Berry (1927), has recently expressed himself as follows on the 
climatic conditions in which the amber forests flourished: ‘‘As I 
picture the amber forests from the evidence of the plants my 
picture agrees fairly well with that which modern authorities 
derive from a study of the insects, namely that we have a mixture 
of forms whose existing relatives still live at the same latitude 
with others whose relatives now live in warmer climes. Cer- 
tainly, the climate was temperate and not in any sense tropical. 
This is clearly indicated by the abundance and variety of 
coniferous trees, as well as by the northern element in the 
insect faunas; but among them we find representatives of a 
number of warm temperate types, and I think we are justified 
in concluding that the climate was much more genial, and the 
floras and faunas much more extensive and varied than in the 
Samland of the present time.”’ 

The more southern distribution of both P. imparis and 
Liometopum at the present time as compared with their dis- 
tribution during the Lower Oligocene not only confirms Berry’s 
description of the Samland climate but also suggests that their 
range during the earlier Tertiary (Eocene and Paleocene) 
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may have extended to an even higher latitude, where the climate 
was like that of Western Greenland as indicated by the studies 
of Seward (1927), who describes from that region Cretaceous 
remains of coniferous and quercine trees, if not of actual oaks. 
If Prenolepis and Liometopum were components of such a 
polar ant-fauna we can easily account for the present dis- 
tribution of the two genera in both hemispheres. The resist- 
ance to cold on the part of P. tmparis, therefore, may have 
been acquired during its long and very gradual southward 
displacement before the glacial period. The more xerothermal 
Liometopum is not improbably an older, Cretaceous genus 
which had reached its present habitat in Early Miocene times. 
The northern portion of the range of the New World species, 
apiculatum, was probably annexed after the recession of the 
glaciers. 


B. Taxonomy of P. imparts. 


As previously stated, this ant is so constant morphologically 
that it seems inadvisable to assign more than varietal, or sub- 
racial status to any of the forms that can be recognized among 
the materials in my collection. I therefore redescribe all three 
phases of the typical 7mparis and subjoin brief descriptions of 
the nine varieties, which in part at least, represent incipient 
geographical races. More material, especially from the Rocky 
Mountain states and northern Mexico, will probably reveal the 
existence of several additional varieties. 


Prenolepis imparis (Say) Mayr. 
(Fig. 3, Fig. 4a). 


Formica imparis Say, Boston Journ. Nat. Hist. 1. 1836, p. 287, 9 <. 

(?) Tapinoma polita F. Smith, Trans. Ent. Soc. London (2) 3, 1855, p. 112, ¢; 
Dale, Ent. Month. Mag. 17, 1881, p. 236, #; White, Ants and Their Ways, 
1883, p. 257. 

Formica (Tapinoma) Wichita Buckley, Proc. Ent. Soc. Phila. 6, 1866, p. 169, ¢. 

(?) Tapinoma nitens E. Saunders, Trans. Ent. Soc. London, 1880, p. 211, #; Ent. 
Month. Mag. 20, 1881. p. 270, ¢. 

Prenolepis nitens Mayr., Verh. Zool. Bot. Ges. Wien. 36, 1886, p. 431, 8. 

Prenolepis imparis Mayr. Ibid. 36, 1886, p. 431, 9; Dalla Torre, Cat. Hymen. 7, 
1893, p. 178, 8 9 o’; Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 635, 8 2 7; 
Wheeler, Bull. Amer. Mus. Nat. Hist. 21, 1905, p. 390, fig. 1, 8 o; Occas. 
Pap. Boston Soc. Nat. Hist. 7, 1906, p. 11; Psyche 20, 1913, p. 116; Proc. Amer. 
Acad. Arts Sc. 52, 1917, p. 523; Emery, Gen. Insect. Formicinz, 1925, p. 225, 
es ? of. 

Prenolepis nitens var. americana Forel, in Grandidier, Hist. Madagascar 20, 1891, 
p. 94, Pl. 3, fig. 4, o. 

Prenolepis (Nylanderia) imparis Emery, Ann. Soc. Ent. Belg. 50, 1906, p. 133, 134; 
Wheeler, Bull. Amer. Mus. Nat. Hist. 24, 1908, p. 385, fig. 26, ¢. 
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Worker. Length 3-4 mm. 

Head as broad as long, slightly narrower in front than behind, with 
straight posterior border and feebly rounded sides and posterior corners. 
Eyes moderately convex, nearly one-fourth as long as the sides of the 
head, and situated a little behind its middle. Mandibles rather flat, 
with convex external borders, their apical borders feebly oblique, 
6-toothed, the apical and basal tooth largest, the former strongly 
curved, the third tooth from the tip minute. Maxillary palpi very 
long, reaching to the occipital foramen. Clypeus convex in the middle, 
subcarinate behind, depressed on the sides, its anterior border broadly 
rounded and entire. Frontal area large but indistinctly defined; 
frontal groove absent; frontal carine feeble, short and subparallel. 
Antenne slender; scapes extending about two-fifths their length beyond 
the posterior corners of the head; first funicular joint as long as the 
subequal second and third together; joints 2-8 nearly twice as long as 
broad, remaining joints somewhat shorter, except the last, which is as 
long as the two penultimate joints. Thorax small and slender, divided 
into two portions by a deep constriction of the posterior part of the 
mesonotum; the promesonotum somewhat longer than broad, evenly 
convex and subhemispherical above, the dorsal outline not interrupted 
at the promesonotal suture, the mesonotum anteriorly as long as broad, 
subtrapezoidal, a little broader in front than behind, sloping downward 
and passing posteriorly into the constricted portion which bears on its 
dorsal surface the pair of somewhat projecting metathoracic spiracles 
close to the base of the epinotum. ‘The latter is subrectangular from 
above and nearly as broad as long, in profile with subequal base and 
declivity, the former slightly convex and rising posteriorly where it 
has a faint longitudinal impression and forms a distinct but rounded 
angle with the declivity. This is broad and flat, with its projecting 
spiracles near the middle of its sides. Petiole as long as high, its node 
strongly inclined forward, in profile compressed and cuneate, with 
feebly convex anterior and posterior surfaces and rather acute border; 
seen from behind it is trapezoidal, broader above than below, with 
straight sides and a transverse superior border, which is straight or very 
slightly concave in the middle. Gaster proportionally large, broad 
anteriorly, tapering behind to a point, convex above, the basal segment 
concave anteriorly where it overlies the petiole, its anterior border 
above straight and transverse in the middle and forming a distinct 
angle on each side. Legs rather slender. 

Very smooth and shining; mandibles glossy, very finely longitudin- 
ally striate; head and thorax with small, sparse, piligerous punctures; 
gaster very finely, superficially and tranversely shagreened, with 
coarser piligerous punctures, and along the posterior borders of the 
segments with minute, hair-bearing tubercles. 

Hairs and pubescence whitish or pale yellowish, the former rather 
coarse, erect or suberect, pointed, of unequal length, more abundant 
on the head and gaster than on the thorax, longest on the gaster. 
Cheeks, gula and front also with conspicuous short, sparse, appressed hairs, 
or very coarse pubescence. Antenne with abundant fine, oblique 








1930] Wheeler: The Ant Prenolepis 17 


hairs or pubescence, longest and most conspicuous towards the tips 
of the scapes. Legs with very short, sparse, inconspicuous, appressed 
or subappressed pubescence. 

Varying from pale castaneous to dark piceous brown, the thorax 
and anterior portion of the head usually paler, the gaster darker and 
more blackish; mandibles, antennz, legs, including coxz and posterior 
edges of gastric segments, brownish yellow or yellowish brown. Palpi 
pale yellow, mandibular teeth black. 

Female. Length 7.5-8.5 mm.; wings 7-7.5 mm. 

Head broader than long and more narrowed anteriorly than in the 
worker. Eyes rather large; ocelli small and close together. Thorax 
massive, broader than the head, from above broadly elliptical, dorsally 
somewhat flattened in profile; mesonotum as long as broad; scutellum 
large; epinotum small, subperpendicular, rounded, without base or 
declivity. Petiolar node broad, thick below, strongly anteroposteriorly 
compressed above, its superior border deeply excised in the middle. 
Gaster large, oblong-elliptical, its basal segment angulate on each 
side anteriorly as in the worker. 

Less shining than the worker, with the mandibles more coarsely 
striate and the head, thorax and gaster much more densely punctate. 

Erect hairs shorter and more numerous than in the worker. Head, 
thorax and gaster covered with yellowish appressed pubescence which, 
however, is not sufficiently dense to conceal the shining and punctate 
integument. A similar but somewhat shorter pubescence covers the 
antennz and legs. 

Reddish brown; mandibles, antennz and legs slightly paler and 
more reddish. Wing membranes uniformly yellowish brown; veins 
and pterostigma resin-colored. 

Male. Length 3.5—-4 mm. 

Head, including the eyes, broader than long, broadly rounded 
behind, without posterior corners, narrowed anteriorly, with short, 
straight cheeks. Mandibles rather large and overlapping, but with 
only the apical tooth developed. Clypeus large, less convex than in 
the worker. Antennal scapes slender, about one-third as long as the 
long funiculus; first joint of the latter small, of the usual shape, about 
one and one-half times as long as broad; remaining joints broader, of 
uniform width, twice as long as broad, the penultimate joints somewhat 
shorter, the last as long as the two preceding joints together. Thorax 
not broader than the head; mesonotum convex anteriorly, distinctly 
broader than long; epinotum evenly rounded and sloping in profile, 
without distinct base and declivity. Petiolar node shaped somewhat 
as in the worker, but much thicker, inclined forward, with blunt apical 
border, straight and transverse but not impressed in the middle. Gaster 
elongate-elliptical; external genital appendages long, somewhat curved, 
uniformly tapering and blunt at the tip. Legs slender; hind tibize 
feebly bent near the middle. 

Shining and finely punctate; antennze and legs more finely and 
densely than the remainder of the body; mandibles very finely striate 
as in the worker, 
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Hairs grayish, rather soft and flexuous, long and abundant on the 
head and thorax and very conspicuous on the tip and venter of the 
gaster. Pubescence long, sparse and appressed, most distinct on the 
gaster, very fine and short on the legs, slightly longer and more oblique 
on the scapes. 

Piceous black; antennze and mandibles dark brown; femora black, 
the trochanters, tips of femora, the tibia and tarsi brownish yellow. 
Wings varying in color from whitish to grayish hyaline, with colorless 
or pale yellowish veins and pterostigma. 





Fig. 4. a., Thorax and petiole of worker Prenolepis imparis sens. str. in profile; 
b., same of the var. californica var. nov.; c., same of the var. coloradensis 
var. nov. 


The type-locality of P. imparis sens. str. is ‘‘Indiana.”’ 
I have seen no specimens of this ant from that state, but have 
series or records from the following localities, which show that 
it is widely distributed over the eastern half of the United 
States and Southern Ontario, from Massachusetts to Missouri 
and south to Georgia, Mississippi and Texas: 


Ontario: Grimsby. 

Ohio: Hocking County (M. R. Smith). 

Pennsylvania: Beatty (J. Schmitt); Harrisburg. 

New Jersey: Fort Lee and Halifax (W. M. Wheeler); Clementon; Ramsey; Burling- 
ton (T. J. Headlee); Caldwell (Cresson); Camden County (Fox). 
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New York: Central Park, New York City and Brooklyn (H. von Krockow), 
Bronxville and Cold Spring Harbor, L. I. (W. M. Wheeler); Wyandach, L. I. 
(F. M. Schott); Conesus, Clinton Heights, Callicoon, White Plains and Van 
Cortland Park (J. Bequaert); Tottenville, New Brighton, Watchogue, Long 
Neck and Annandale, S. I. (W. T. Davis and J. Bequaert); Amagansett, 
Yaphank, Calverton, Montank, Pinelawn, Wading R., Gardner’s I. and Cold 
Spring Harbor, L. I. (W. T. Davis and J. Bequaert). 

Maryland: District of Columbia (T. Pergande); Plummer’s I. (W. L. McAtee). 

North Carolina: Tryon (W. M. Wheeler); Black Mt. (B. Muller); Lake Toxoway 
(Mrs. A. T. Slosson). 

Georgia: Thomasville; Clayton, 2,000-3,700 ft. (W. T. Davis). 

Mississippi: Holly Springs (T. F. McGehee). 

Connecticut: New Haven and Yalesville (H. Viereck); Branford (Winckley); 
New Haven (Britton). 

Massachusetts: Forest Hills and Blue Hills (W. M. and G. C. Wheeler); Danvers 
(H. W. Winckley); Wareham (C. A. Frost); Milton (A. P. Morse); Essex 
County and Springfield (G. B. King); Warwick (Miss Edmonds); Woods Hole 
and Falmouth (A. H. Sturtevant). 

Illinois: Rockford (W. M. Wheeler). 

Wisconsin: Wauwatosa (G. Graenicher). 

Missouri: Jefferson City (A. C. Burrill). 

Kansas: Douglas County (C. Klaumann); Lawrence (Tucker); Riley County 
(J. B. Norton). 

Texas: Denton (W. H. Long). 


P. imparis var. nitens (Mayr.) 


Tapinoma nitens Mayr, Verh. Zool. Bot. Ges. Wien. 2, 1852, p. 144, 9; Ibid. 5, 1855, 

p. 377, 8; Progr. Realsch. Pest. 1856, p. 15, ¢. 

(2?) Tapinoma polita F. Smith, Trans. Ent. Soc. London (2) 3, 1855, p. 112, ¢. 
Prenolepis nitens Mayr, Europ. Formicid. 1861, p. 52, 8; Ern. André, Spec. Hymen. 

Europ. 2, 1882, p. 204-206, ¢ 9 o’; Emery, Bull. Soc. Ent. Ital. 47, 1918, p. 238, 

Fig. 78, 8 2 co’; Genera Insect. Formicine, 1925, p. 225, 8 2 o. 

(?) Tapinoma nitens E. Saunders, Trans. Ent. Soc. London, 1880, p. 211, 8; Ent. 

Month. Mag. 20, 1881, p. 270, ¢. 

Prenolepis imparis var. nitens, Dalla Torre, Cat. Hymen. 7, 1893, p. 178, 8 9 oc; 

Ruzsky, Formicar. Imper. Ross. 1905, p. 262, fig. 50,51, ¢ 9 o. 

Prenolepis imparis subsp. nitens Emery, Deutsch. Ent. Zeitschr. 1910, p. 128, 

fe.1, 39. 

Formica crepusculascens Roger, Berlin. Ent. Zeitschr. 3, 1859, p. 238, 9; Ibid. 6, 

1862, p. 256, <. 

Lasius (?) crepusculascens Mayr, Europ. Formicid. 1861, p. 51, 9 

Worker. Length 3-3.5 mm. 

Very similar to the common dark form of the typical imparis. 
Brown, with piceous black gaster; antennz somewhat paler and more 
yellowish brown than the head and thorax. Superior border of petiolar 
node somewhat more impressed in the middle. Pilosity and pubescence 
very similar but the legs have somewhat longer and more oblique; 1.e. 
less appressed, hairs and the pubescence on the antennz is perhaps 
slightly longer and denser. 

Female. Length 9 mm.; wings 8.5 mm. 

Very similar to the female of the typical imparis but apparently 
darker, being piceous instead of reddish brown; the wings also darker 
brown, with dark brown viens and pterostigma. Pubescence on the 
antenne and legs somewhat shorter and more appressed than in the 
worker. 
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Male. Length 3-3.5 mm. 

Also very similar to the male of imparis sens. str. and also black 
or dark piceous brown, but the wings are darker, being tinged with 
brown and having pale brown veins and pterostigma. The tibis, too, 
are darker and more brownish. Pilosity and pubescence very similar. 


Northeastern corner of Italy, Tyrol, Austria, Balkan 
Penninsula, Asia Minor and Caucasus. 

The description of the female, which I have not seen, is 
adapted from Emery. 


P. imparis var. testacea Emery. 


Prenolepis imparis var. testacea Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 636, 
8 co’; Wheeler, Bull. Amer. Mus. Nat. Hist. 21, 1905, p. 390, #; Psyche 30. 
1913, p. 116, 8; Emery, Genera Insect. Formicine, 1925, p. 225, s; M. R, 
Smith, Ent. News, 39, 1928, p. 278, ¢. 


Worker. Differing from the typical imparis in color, being yellow, 
or brownish or reddish yellow, with the gaster and posterior portion of 
the head often darker and varying from pale to dark brown. Legs 
yellow. Quite as smooth and shining as the type, with the same 
pubescence and pilosity. 

Female. Distinctly paler and more yellowish red than the typical 
imparis; mesonotum with a broad brown parapsidal streak on each side 
and often with a narrower antero-median streak of the same color. 
Wings of the same yellowish brown tinge as in imparis, with resin- 
colored veins and pterostigma. 

Male. Brown or yellowish brown, with darker head; legs yellow, 
with the femora brownish except at their tips; antenne of the same 
color as the body. Wings slightly tinged with yellowish; veins and 
pterostigma brownish. 


District of Columbia: Washington (T. Pergande), type-locality. 

Virginia: (T. Pergande). 

North Carolina: Tryon (W. M. Wheeler); Black Mt. and Swannanoa (W. 
Beutenmueller). 

Georgia: Clayton, 2,000-3,700 ft. (W. T. Davis); Gainesville, Tybee Isl., Marietta 
and Atlanta (J. C. Bradley). 

Florida: St. Augustine (C. T. Brues); Tallahassee. 

Mississippi: Agricultural and Mechanical College (M. R. Smith). 

New Jersey: Lakehurst (W. T. Davis and W. M. Wheeler); Clementon and 
Medford (H. Viereck). 

New York: Mosholu, Bronxville, Van Cortland Park, Central Park, New York 
City and Arlington, S. I. (W. M. Wheeler); Tottenville, S. I., Wading R. and 
Amagansett, L. I. (W. T. Davis and J. Bequaert); Ithaca (Funkhauser) ; 
Taughannoc Falls, Ithaca (C. P. Haskins). 

Pennsylvania: Beatty (J. Schmitt). 

Missouri: Columbia (A. M. Ferguson). 

Arizona: Indian Garden, Grand Canyon (W. M. Wheeler). 


Unlike the typical imparis, testacea prefers to nest in pure 
sand or sandy soil at low altitudes. Its distribution shows 
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that it is a southern form, most abundant in the Carolinian 
area of Southern New Jersey and southward to Florida. 


P. imparis var. minuta Emery. 


Prenolepis imparis var. minuta Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 636, 8 o; 
Wheeler, Occas. Papers Boston Soc. Nat. Hist. 7, 1906, p. 11, #8; Emery, 
Genera Insect. Formicinz, 1925, p. 225, 8 o. 

Worker. Length 2-2.5 mm. 

Closely resembling the typical imparis in sculpture, pilosity and 
color but decidedly smaller. 

Female. (undescribed). Length 6.5 mm.; wings 6.5 mm. 

Also smaller than the females of any of the preceding forms, some- 
what paler than imparis and darker than festacea, with the mesonotal 
markings of the latter and the wing-membranes somewhat paler than 
in either of these forms. 

Male. Length 2.5 mm. 

Indistinguishable from the male of imparis, except in its smaller 
size and in having slightly darker wings. Veins and pterostigma 
pale yellowish. 

District of Columbia: (T. Pergande), type-locality. 

North Carolina: Clemson Agricultural College, (M. R. Smith and W. A. Morrison). 

New Jersey: Cape May and Bridgetown (F. M. Schott). 

Connecticut: New Haven and Yalesville (H. Viereck). 

Indiana: Hammond and Wyandotte (W. Blatchley). 

Wisconsin: Alma Center (A. C. Burrill). 


Missouri: Barton County (J. W. Chapman). 
Washington and Oregon: Columbia River Gorge (A. C. Burrill). 


I possess two worker cotypes from the District of Columbia, 
two males from Cape May and Bridgetown, N. J., and a single 
female from the latter locality. In stature this variety, which 
has a wide distribution though it seems to be rather rare, 
closely resembles P. henschei of the Baltic Amber. The same 
is true of the following small variety. 


P. imparis var. pumila var. nov. 


Worker. Length 2.2-2.5 mm. 

Of the same pale color as the var. festacea and bearing to it the 
same relationship in stature that the var. minutia bears to the typical 
imparis. The gaster, however, is paler and only slightly infuscated 
across the middle of each segment. Legs and antenne pale yellow. 

Male. Length 2.3-2.5 mm. 

Colored like the male festacea but smaller; reddish brown; head 
darker brown posteriorly; femora, except their tips, brown like the 
thorax. Wings grayish hyaline, with pale brownish veins. 

North Carolina: Raleigh (F. Sherman), type-locality. 
Alabama: Fort Payne (W. S. Creighton). 


District of Columbia: Washington (T. Pergande). 
New York: New York City (C. T. Brues). 
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P. imparis var. coloradensis var. nov. 
(Fig. 4, c). 


Worker. Length 2.5-3 mm. 

Resembling the var. pumila but averaging somewhat larger and 
darker in color, being brown, with the gaster and posterior portion of 
the head scarcely darker than the thorax; posterior borders of gastric 
segments, antennz and legs yellow. Distinguished from all the pre- 
ceding fornis by the shape of the epinotum, which has the base decidedly 
shorter than the declivity and forming with it a much more pronounced 
angle, almost a right angle, in fact, because the declivity is much 
more nearly perpendicular. Upper border of petiolar node seen from 
behind straight and transverse, with less rounded corners. 


Numerous specimens from Cheyenne Mt., 8000 ft., near 
Colorado Springs, Colorado (W. M. Wheeler). 


P. imparis var. arizonica var. nov. 


Worker. Length 3-3.5 mm. 

Of the same color as darker specimens of the var. /estacea; thoracic 
sutures, mandibles, coxe, legs and antennz brownish yellow. Pilosity 
distinctly longer and on the gaster conspicuously more abundant; 
pubescence on antennal scapes somewhat longer. Upper border of 
petiolar scale distinctly concave in the middle. Base of epinotum 
rather short but in other respects the thorax is shaped as in the typical 
imparis and the var. lestacea. 

Female. Length 6.5 mm.; wings 7.5 mm. 

Smaller than the female of imparis, its vars. nitens and lestacea 
and colored like the last, but without mesonotal markings. Wings 
quite as dark but less yellowish and with brownish yellow veins and 
brown pterostigma. Pubescence on head, thorax and gaster much 
longer. Petiolar node broader, with more rounded sides above and 
distinctly narrower and shallower emargination in its superior border. 

Male. Length 3-3.2 mm. 

Dark piceous brown, with black head; antennz and legs throughout 
as dark as the thorax and gaster. Wings decidedly darker than those 
of any of the preceding forms, including the var. nitens, uniformly 
dark grayish, with dark brown veins and pterostigma. 


Described from four workers, three males and a single 
female taken by Dr. W. M. Mann in Ramsay Canyon, Huachuca 
Mts. 5800 ft. Arizona. In all probability, this form occurs 
also in the mountains of northern Mexico. 
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P. imparis var. californica var. nov. 
(Fig. 4, b). 


Worker. Length 2.3-2.5 mm. 

Averaging smaller than the typical imparis and usually of the same 
color, but often darker and almost black, more rarely paler and approach- 
ing the var. testacea. Antenne and legs brown, tarsi paler and more 
yellowish. Eyes distinctly smaller, mesonotum more convex, so that 
the curved dorsal outline is more interrupted at the promesonotal 
suture than in imparis; the constricted posterior portion of the meso- 
notum very short and the metathoracic spiracles therefore closer to the 
posterior end of the mesonotal declivity. Petiolar node narrower, 
more compressed anteroposteriorly, with more flattened anterior and 
posterior surfaces and sharper superior border. The latter less trans- 
verse, not concave. Long pilosity on the body much as in imparis, 
the pubescence on the scapes and legs longer and less appressed. 

Female. Length 6--6.5 mm.; wings 7.3 mm. 

Smaller than the female of the typical imparis; either dark brown 
and therefore of the same color or paler and more reddish. Wings 
darker and more brownish, with brown veins and pterostigma. Thorax 
somewhat broader and higher; petiolar node thinner, with less deeply 
excised superior border. 

Male. Length 2.8-3.2 mm. 

Also smaller than the male of the typical imparis; black or piceous 
black, with brown antennz and legs, tarsi and knees somewhat paler. 
Wings gray, darker than in the typical imparis, with more distinct 
brown veins and pterostigma, as in the var. mitens. Erect pilosity 
abundant on the head, thoracic dorsum and gaster, very conspicuous 
on the venter. Eyes somewhat smaller and less convex than in imparis; 
petiolar node not so thick above. 


California: Stanford University (H. Heath, W. M. Mann, C. F. Baker), type- 
locality; San Jose (H. Heath); Marin County; Eldridge, Sonoma County 
(J. A. Kusche); Piedmont and Berkeley (J. C. Bradley); mountains near 
Claremont (C. F. Baker); Santa Cruz Island (R. V. Chamberlin); Point Loma, 
San Diego (P. Leonard); Santa Inez Mts. and San Ysidro, near Santa Barbara, 
Pasadena, Mt. Lowe and Yosemite Village (W. M. Wheeler); Santa Paula 
(H. F. Quayle); Portola; La Verne (E. Becker). 

Nevada: Ormsby County (C. F. Baker). 

Oregon: Ashland (W. Taverner); Forest Grove (A. C. Burrill). 


This form, which seems to be confined to the Pacific coast 
region, is rather unstable and may have to be resolved into 
several distinct varieties when more material, especially of the 
females and males, is available for study. The workers from 
La Verne, Calif. are very dark, those from Santa Cruz Island 
and Point Loma approach the var. testacea in color, but those 
from the vicinity of San Francisco are colored like the typical 
imparts. The specimens which I collected on Mt. Lowe are 
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reddish brown and vary greatly in size (from 2-3.5 mm.). 
They have unusually long and suberect pubescence on the 
scapes and legs and seem, therefore, to be transitional to the 
following two varieties from Mexico. 


P. imparis var. veracruzensis var. nov. 


Worker. Length 3 mm. 

Resembling the typical imparis but uniformly brownish red, except 
the tarsi and knees, which are yellow. Head subrectangular, as broad 
in front as behind. Promesonotum and petiole shaped as in imparis; 
base of epinotum more convex, rising posteriorly and rounding into 
the longer declivity without any indication of an angle. Pubescence 
on scapes and legs long, conspicuous and less appressed, even longer 
than in the above-mentioned form of californica from Mt. Lowe. 


Described from a single specimen taken in sweepings by 
Dr. A. Dampf at Maltrata, Altaluz, in the State of Vera Cruz, 
Mexico. Till more material is available the status of this 
variety is problematic. It is obviously closely related to the 
following: 


P. imparis var. colimana var. nov. 


Worker. Length 3-3.5 mm. 

At first sight resembling dark forms of the typical imparis. Rich 
castaneous brown, the posterior portion of the head and the gaster 
darker and more blackish; antennz, trochanters, tarsi and bases and 
tips of femora paler, more yellowish brown. Head, thorax and petiole 
shaped as in imparis, but stouter. Erect hairs on the body longer and 
more abundant and the pubescence on the scapes and legs much longer, 
more abundant and more nearly erect than in any of the other varieties. 
The scapes appear plumose, owing to their pubescence being longer 
than their greatest diameter and even the funiculi have unusually long 
and conspicuous pubescence. 


Described from numerous specimens taken by Mr. C. H. T. 
Townsend on the Volcan de Colima at an altitude of 7500 ft., 
in the state of Colima, Mexico. 
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ON THE NOMENCLATURE FOR THE BROODS OF 
PERIODICAL INSECTS. 


H. PRrett,* 


Forstliche Hochschule, Tharandt, Germany. 


While the majority of insects have at most an annual cycle 
of generation, thus in the course of a single year passing through 
one or several complete series of developmental stages, there 
are, on the other hand, many species that need several years 
for their development. It is characteristic of insects of the 
second group that the imagines appearing in one year are not 
the offspring of imagines from the year immediately preceding, 
but are the progeny of parents that appeared as imagines in a 
more distant year. Since the duration of development for each 
species is fairly constant locally, it is then possible to distinguish 
as many broods for each particular species as there are years 
in its developmental cycle. 

It frequently happens, however, that of the theoretically 
possible number of broods of a species, one brood appears in a 
particular locality with an abundance of individuals (main 
brood), while the other broods (secondary broods) may have a 
much smaller number of individuals, or may not be known to 
be represented at all. From a practical standpoint, the main 
brood can play a conspicuous role, because, if the insect is one 
of economic importance, the years of its appearance may be 
years of great destruction. Consequently there is in literature 
an abundance of comment on the periodical recurrence of 
injurious insects. 

If we wish to make a comprehensive synopsis from such 
information, it is necessary to have a brief designation for the 
broods, or for the brood years. There is, however, so great a 
lack of uniformity in the terms by which the broods of periodical 
insects have been distinguished, that it is often difficult to 
make a comprehensive summary; and because of these different 
systems of nomenclature that have been used for different 

*The writer is deeply indebted to Mr. R. E. Snodgrass for having supervised 
the translation of this paper. 
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insects there is an urgent need for a truly clear and precise 
method for naming the broods applicable to all periodic species. 
A brief review will show how broods of periodical insects have 
thus far been designated. 

The simplest method for naming a brood consists of identi- 
fying it with a year in which it appeared, or perhaps one in 
which it was particularly destructive. This method of naming 
the brood years, as employed by J. B. Smith with reference to 
the periodical cicada, is not satisfactory because there may 
mature in the same year several broods of the same species, 
but of different length of development. Moreover, the selection 
of different brood-years of the same brood for the designation 
of this brood may easily result in confusion. 

As a rule, therefore, by the use of a year as a brood name, 
there is selected for the designation not only one flight-year 
but several years which have been recorded of the repeated 
occurrence of the same brood in the same locality, and which 
naturally are characteristic of the brood in question. The 
method of naming broods according to the year sequence, as 
1901-04-07, has been employed by many writers, and is still 
commonly used for the European May-beetle. This method 
can be applied successfully only in individual cases, because in 
comparative investigations of the brood years in various local- 
ities, the series of years exactly ascertained in one place may 
come out quite different in another, and consequently may be 
very confusing. 

By many writers, again, the broods of periodical insects are 
designated by proper names taken from localities in which the 
appearance of the insect is characteristic. The oldest instance 
of this kind is that of the naming of the broods of the May- 
beetle in Switzerland as the Bern brood-year (1834), the Uri 
brood-year (1835), and the Basel brood-year (1836), a system 
invented by O. Heer. This method of designating the broods 
is unquestionably convenient for local faunistic studies; it 
cannot be applied, however, in comprehensive investigations, 
because it is impossible for one who does not know the flight- 
year of the broods in the locality taken as characteristic, either 
from his own experience or from the published records, to find 
the connection between the name of the brood and the series 
‘of brood years or vice versa. 
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Still other writers have designated the broods by means of 
figures, a custom generally adopted in works on the periodical 
cicada. In such cases numbers are given to broods determined 
by exact records of the years of flight, regardless of the character 
of the brood series. If this enumeration is made without a 
special plan (Fitch), the number of each brood might remain 
unchanged, since a new number may be given to any newly 
discovered brood. This system, however, must result eventually 
in a loss of all relation between the series of brood years and 
the series of identification numbers. If, on the other hand, 
the enumeration of the broods is made to correspond with the 
time of the serial recurrence of the brood-years after an arbi- 
trarily fixed date (Riley selected the year 1868, which was a 
particularly important brood year with both races of the 
periodical cicada), the discovery of a definite new brood might 
upset the numbering completely and cause utmost confusion. 
This is proved only too well by a comparison of the brood 
nomenclature used by Walsh and Riley (1868), and by Riley 
(1869). Moreover, the number system was made still more 
unwieldly by the fact that no consideration was given to the 
difference in duration of development, and that any broods, 
regardless of their developmental periods, appearing in the same 
year were simply given a number in the series. Consequently, 
this method neither led to any definite results, nor was it of 
practical use without a key. 

Later the numbering system was improved by taking into 
account all the theoretically possible broods of the species 
(Marlatt). Thus by continuing the sequence of numbers after 
a date selected as a starting point, subsequent changes in the 
numbers were finally avoided. (Marlatt took the year 1893 
for the beginning in his series of numbering, this year being the 
first of a long series of actually observed brood-years of the 
periodical cicada.) Notwithstanding this improvement, how- 
ever, and recognizing the fact that both races of the periodical 
cicada were now distinguished in the numbering, the method 
is useful only within certain limits, because it does not show 
clearly the relation between the name of a brood and its place 
in the series of brood years. (Marlatt enumerated the broods 
of the 17-year race of the periodical cicada from I to XVII, 
and those of the 13-year race from XVIII to XXX.) 
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NOMENCLATURE OF THE BROODS OF THE PERIODICAL CICADA. 
| ENUMERATION OF Broops 
RECORD OF 
Pre POSED ; Incomplete oo E: 
YEAR GENERAL Complete . Veane 
METHOD OF Based on Sequence Absolute EARS 
DESIGNATION of Broods oo 
Marlatt | Riley — Fitch Smith 
1898 1869 1868 1854 1857 
XIII | Cicada (Magicicada) v. tredecim Walsh and Riley. 
1901 | *XIII/1 | XXVI Ber Mei tens ckee 1849 
1902 | XIII/2 DR ES x 5. 5-\ soso ape ers Sal licihece oases do ake we 
1903 | XIILI/3 8 oo) a ee sae wae 
1904 XIII/4 ER os) Meee ocak ed deca eee ats 
1905 XITI/5 XXX : si PRE ie Satie ea eels War Sie Pe 
1906 XIII/6 Pavan | mV cals eR ae Secale 1854 
1907 XIII/7 ai XVIII XIII 3p. p *1842 
1908 XIII/8 XX *TT ee 1843 
1909 XIII/9 mae lr fe ee ee 1844 
1910 XIIT/10 XXII VI IV Saige 1845 
1911 XIII/1 XXIII | VII V 5 p. p. 1846 
1912 | XITIT/12 eR eM hei Lt ai es elds 
1913 | XIT1/13 SRM Bes 5d cath ks cere oe ive sas oe 
1914 | *XIII/1 | XXVI Mises 1849 
1915 | XIII/2 '.1)) ae aid <a oc ee Gh dan hen 
1916 | XITI/3 bo.) ae eer “ el ta igtackr aie ete 
1917 | XITI/4 XXIX Je vevecceefececevecsfecsceeenefewecens 
1918 | XITI/5 | XXX Fre atectad epee MMR Taictnr 0 Suis a Se Alec AO ae is aa 
1919 XIII/6 PaViLL XVI ; see ae N are cone 1854 
1920 XITI/7 xix XVIII XIII 3p. p *1842 
XVII Cicada (Magicicada) septendecim Linne 
1901 *XVII/1 IX XXI i 1, SR Awe 1850 
1902 XVII/2 X XXII XVI 4 1851 
1903 XVII/3 XI *] *] 9 1852 
1904 XVII/4 XII (ITT) ete oe As 1853 
1905 XVII/5 | XIII V III 6 1854 
1906 XVII/6 XIV VIII VI 3p. p 1855 
1907 | XVII/7 eS Na oo Nin ck gay a SC ig Soa ai alae 
1908 XVII/8 XVI IX WER.  Wicvae esc tiaceniees 
1909 | XVII/9 BEES Bits: wee dk Ores oh eedea Dee ee 
1910 | XVII/10 “i Os = Oa Bs ae te *1842 
1911 XVIT/11 II XII VIII 1 1843 
1912 XVII/12 III XIII ee , etcnaes 1844 
1913 XVII/13 IV XIV Me Me erroee 1845 
1914 XVII/14 V XV XI 5 p. p 1846 
1915 XVIT/15 VI XVII XII 1847 
1916 XVII/16 VII I ria cE lie take Vind 1848 
1917 XVII/17 VIII XX XIV 2,8 1849 
1918 *XVII/1 IX XXI Rie wed adce 1850 
1919 XVII/2 X XXII XVI 4 1851 
1920 XVII/3 aL *] *] 9 1852 


























*=First brood of the enumeration. 
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It is thus evident that none of the methods so far used for 
designating the broods of periodical insects is entirely satis- 
factory. It is, therefore, necessary to devise a new and better 
system of nomenclature. 

Considering the objections which have been urged against 
former and current methods of naming the broods of periodical — 
insects, we should consider some of the requirements necessary 
for a satisfactory brood nomenclature. The following three 
points are essential: 

1. Clear and concise designations.for the broods. 

2. A ready deduction of a flight-year sequence from the 

name given to a brood, and the reverse. 

3. A uniform and simple application of the system to all 

periodical insects. 


These requirements are fulfilled if the name of the brood 
shows the duration of the generation, indicating thus the 
number of potential broods, if it gives the position of a particular 
brood of a series, and if it designates a characteristic brood 
year. . These essentials may be combined in one symbol by 
naming the broods of a periodical insect with a suitable double 
number. 

The first of the two figures to be used is given by the number 
of years in the generation period of the insect, or the number 
of possible broods of the species or race in the same time, the 
two figures being identical. The second figure is furnished by 
the numerical order of the particular brood in the series after 
the time at which the numbering is begun, which should be the 
first year after the beginning of the century. Thus the sequence 
number of the brood will be also the number of the year in 
which the brood theoretically first appeared after the beginning 
of the present century. 

It is more convenient for several reasons to express the first 
number with a Roman numeral and the second with an Arabic 
figure, and to separate the two with an oblique line. 

The use of this new method of nomenclature will exclude 
all misunderstanding, and should, therefore, facilitate the study of 
periodicalinsects. Naming the broods as above proposed will show 
all that is characteristic of each particular brood. For example, 
II/1 shows that the brood of an insect so designated belongs to 
a species having a two-year life cycle and that it flies in the 
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years of odd numbers; the designation IV/3 means that the 
brood is of an insect having a four-year developmental period, 
and that it flies in a year before a leap-year. Further examples 
are given in another place (Zoologischer Anzeiger, Vol. 81. 
Leipzig 1929, pp. 203-219). 

This same method of brood naming might be applied also 
to insects having several generations in one year, the broods in 
this case being indicated by letters. Thus I/3/b would desig- 
nate the second of three possible broods of an insect having 
several generations each year. 

Since this nomenclature is especially suitable for insects 
with long developmental periods, it seems appropriate to add, 
in conclusion, a comparative synopsis of the various designations 
used to distinguish the broods of the two races of the periodical 
cicada, including the nomenclature here proposed. The advant- 
ages of the last thus become selfevident. 


BOOK NOTICE. 


INSECT PESTS AND THEIR CONTROL IN SOUTH AFRICA, 
by Charles K. Brain, M. A., D.Sc. Die Nasionale Pers Beperk, 
Keerom Street, Cape Town. 


Dr. Brain has presented in this book of nearly five hundred pages 
a most valuable survey of the insect pests of South Africa, one which 
must have a very useful place in the practical and the educational 
work of that rapidly developing commonwealth. There is a brief 
informative foreword by General J. Kemp, the Minister of Agriculture, 
and an introduction dealing with the general features of insect life 
followed by a series of chapters dealing with the different insect groups 
in a systematic order, a feature of special value to students, and these 
followed by a chapter on Beekeeping, one on Diseases transmitted by 
Insects and one on Control Measures. This latter sums up in a general 
way the different modes of control although control measures are 
presented in connection with the discussion of each important insect 
pest. Dr. Brain is to be congratulated on his success in compressing 
into convenient and workable form such a large amount of information 
concerning insects of so many groups and covering such an extended 
territory. 


HERBERT OSBORN. 





A STUDY OF THE INSECT FAUNA OF BRAZOS COUNTY, 
TEXAS, WITH SPECIAL REFERENCE TO THE 
CICADELLID&. 


ROBERT K. FLETCHER, 
Texas Agricultural Experiment Station. 


Brazos County is situated in East Central Texas between 
the Brazos and Navasota Rivers, which form, respectively, 
its western and eastern boundaries. The two rivers meet at 
the southern extremity of the county. The old Nacogdoches- 
San Antonio Road is the northern boundary. The county is 
about 150 miles north of the Gulf of Mexico. The general 
elevation ranges from 200 to 400 feet above sea level. The 
topography as a whole is level to very gently rolling. The 
bottom land along the Brazos River varies in width from a few 
hundred feet to five miles. The Navasota River bottoms have 
an average width of nearly a mile. The greater part of the area 
has probably been a land surface since Oligocene time. 


CLIMATE*, 


A study of the climatological data of the county for the 
twelve years from 1916 to 1927, inclusive, gives the following 
results: Temperature, average mean, by months, January 
50.25° F., February 55.37° F., March 60.02° F., April 67.46° F., 
May 74.17° F., June 80.05° F., July 83.71° F., August 83.99° F., 
September 78.85° F., October 69.49° F., November 59.62° F., 
December 52.41° F. Rainfall, average mean, 39.94 inches. 
The periods of highest average temperature and lowest average 
rainfall coincide, resulting in a well defined period of summer 
drought. During the twelve years included two periods of 
extended droughts have occurred. The first from August 1, 
1916 to February 1, 1918, during which time of eighteen months 
but 20.38 inches of rain fell. The second from July 1, 1924 to 


AUTHOR’s ACKNOWLEDGMENTS.—These studies were started and completed 
under the direction of Dr. Herbert Osborn, to whom the author is indebted for 
advice, encouragement, and the identification of Cicadellide. The late Mr. H. 
Ness, Botanist of the Texas Agricultural Experiment Station, identified many 
plants and gave much valuable information as to their ecology and distribution. 


*These data are compiled from the records of the Texas Agricultural Experi- 
ment Station. They were made available through the courtesy of Mr. A. B. 
Conner, Director of the Station. 
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August 1, 1925, during which period of fifteen months but 
15.75 inches of rain fell. An examination of the records shows 
also an uneven distribution of rainfall throughout the year. 


VEGETATION. 


Brazos County lies in the Post Oak Region of the East 
Texas timber belt. This plant association has been described 
by Bray (1) and its extent determined. It is a westward 
extension on the lignitic soils of the forest of East Texas minus 
the pine. Post Oak (Quercus stellata) is the dominant tree 
species closely followed by Black Jack Oak (Q. marilandica). 
Upon the top of the escarpment along the Brazos and Navasota 
Rivers and extending a short distance back there is considerable 
hickory (Carya sp.). In fact Shantz and Zon (7) refer this 
region to the Oak-Hickory forest. 

Along the rivers and smaller water-courses wherever there 
is sufficient moisture the Bottom Land Forest occurs. This 
consists of several species of Hickory (Carya sp.), Black Willow 
(Salix nigra), Cottonwood (Populus deltoides) Hornbeam (Ostrya 
Virginiana), several species of oaks, notably Overcup Oak 
(Quercus lyrata) and Water Oak (Q. nigra), White Elm (U/mus 
Americana), Winged Elm (U. alata), Hackberry (Celtis occiden- 
talis), Sweet Gum (Liquidamber styraciflua), Sycamore (Platinus 
occidentalis), Red Bud (Cercis canadensis), Honey Locust 
(Gleditsia triacanthos), Prickly Ash (Xanthoxylon clava-herculis), 
American Holly (J/ex opaca), Youpon Holly (J. vomitoria), 
Deciduous Holly (J. decidua), Flowering Dogwood (Cornus 
florida), Black Gum (Nyssa sylvatica), and Persimmon (Dzo- 
spyros Virginiana). Black Walnut (Juglans nigra) and River 
Birch (Betula nigra) also occur in one locality known to the 
writer. 

The upland forest was originally much more open than at 
present. Formerly there were very few shrubs and the trees 
were far apart with nearly pure stands of grass growing between, 
(Plate I, Fig. 1). Because of overgrazing the grass disappeared, 
its place being taken by shrubs, principally the youpons, the 
haws, and Indian Current. The disappearance of the grass 
also permitted the growth of many young trees of the same 
species as the original forest, namely oaks and hickories. We 
find at present a forest of closely set trees with an undergrowth 
of shrubs, (Plate I, Fig. 2). 
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The present ‘‘grassland’’ consists mostly of abandoned 
fields. Scattered through these are the grasses herein named 
and annuals which have increased in number of individuals in 
proportion as the grasses have been exterminated. In the 
youngest abandoned fields are found the Crotons or Sageweed 
(Croton capitatus and C. Engelmannit), especially the first, 
which covers hundreds of acres. Then come Broomweed 
(Amphiachyris dracunculoides) and Bitterweed (Helenium tenut- 
folium). Ragweeds (Ambrosia sp.) seem to come in next. 
After July, the above named weeds form the most characteristic 
feature of the vegetation of the old fields. Burr Clover 
(Medicago hispida) is very abundant in the spring, and it is 
spreading. Burmuda Grass (Capriola dactylon) is becoming 
dominant in many fields. One of the most widely distributed 
grasses at the present time, especially on the harder packed 
soils, is Aristida sp. Many fields have ‘‘gone back”’ to this 
grass. (Plate II, Figs. 1, 2). 

In the northern and northwestern parts of the county a few 
small fields of the original grassland of the ‘‘blacklands”’ 
have been found. These fields have a few flowering plants 
scattered through them, but the dominant vegetation is grass. 
Andropogon furcatus and A. scoparius are the dominant grasses 
in the order given. (Plate I, Fig. 3). 

Along the railway right-of-ways are found stands of mixed 
A. scoparius and A. saccharoides and also unmixed stands of 
each of these plants. These railway right-of-ways are burned 
off each fall. It may be that in a way this approximates what 
took place before settlement. (Plate II, Fig. 3) shows a stand 
of A. scoparius with a slight mixture of A. saccharoides. 

In the eastern part of the county A. saccharoides is quite 
plentifully scattered through old fields and in fence corners. 

If these are relics, they point to a condition very different 
from the present, a condition in which grass was much more 
prevalent than now. 

To summarize briefly, the original type of vegetation has 
been greatly modified. In place of the more or less open 
woodlands we find a heavy growth of comparatively young 
trees and thickets of shrubs. In place of the original grassland 
we find thousands of acres dominated by annual flowering 
plants. The effect of this change upon the insect fauna must 
have been profound. 
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INSECTS OF THE COUNTY. 


LOCATION WITH REFERENCE TO TRENDS OF DIFFUSION. 


According to Webster (10) there are two trends of diffusion 
passing through Texas. One of these reaches the United 
States from South America by way of the Antilles and Florida. 
It passes westward through the Gulf States and on to the 
Pacific Coast. The second trend enters North America by 
way of the Isthmus of Panama, extending northward to Yucatan 
where it divides. The eastern branch crosses to Cuba and 
joins the first trend. The western branch continues northward 
along the Gulf Coast to Texas and thence to Canada. 

In connection with the first trend it should be remembered 
that Brazos County is located in the western edge of the forest 
which extends unbroken from the Atlantic Coast. With 
reference to the second trend, the Gulf Costal Prairie lies a few 
miles to the south and was formerly connected with the county 
in all probability by almost continuous grassland. 


EFFECT OF SETTLEMENT. 


The remains of the original vegetation are so meager that 
it is impossible to draw direct conclusions as to the nature of 
the original insect fauna. Observations, however, have been 
made by the author in certain families of insects which seem to 
point to a condition considerably modified from the original. 
These observations are recorded below. 


Orthoptera (Locustide).—The number of individuals of 
many species is very great. Frequently they are very destruc- 
tive to cotton. Conditions for breeding are ideal because of 
the thousands of acres of weed-filled fields which furnish food 
and also earth of the right consistency for oviposition. Little (4) 
records forty-seven species from the county. 


Isoptera.—-In certain parts of the county, especially along 
the escarpments of the rivers, termites are to be found in nearly 
every fallen log. Certainly conditions are better for this 
group of insects because of the increased amount of forest. 
Termites are spreading to the towns also, causing constantly 
increased damage. 


Neuroptera (Chrysopide).—These are very abundant in 
cotton fields. There seems to be no doubt that this family has 
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increased in number of individuals with the introduction of 
cotton and cotton lice. The eggs of the Aphid Lions may be 
found on turnips, mustard, cabbage, and many other vegetables, 
and flowers and shrubs. The introduction of various plants 
upon which aphids feed in great numbers has surely increased 
the number of individuals of all aphid feeding insects. 

(Myrmeleonide).—Areas of bare ground have increased with 
grazing and agriculture. Wherever these occur in places 
sufficiently shaded and undisturbed, Ant-lions are found in 
great numbers. 

Ephemerida.—Occasionally May-Flies have been observed 
drifting along with the wind. The writer has not been able to 
determine where they come from. Settlement has probably 
affected this family to some extent. Very few of the streams 
are constant. Most are dry water courses except during rainy 
weather when they may become torrents. The removal of 
water-holding vegetation from much of the county has certainly 
reduced the number of constantly flowing streams and so 
lessened the chance for propagation of all insects adapted to 
such habitats. 


Odonata.—A few species of Dragon-Flies have been 
observed. They are most abundant as to species and indi- 
viduals near the Little Brazos River. A small clear-running 
spring-fed ‘‘branch’’ in the southern end of the county is the 
home of a number of Damsel-Flies. 


There is probably an increased water-area in the county 
owing to the maintenance of ‘‘tanks’’ for watering the stock. 
Some of these are of considerable size and do not dry up during 
even the long droughts. It must be remembered in con- 
nection with water-insects that the land is much more subject 
to erosion than formerly and that consequently the few per- 
petual streams are muddy for long periods of time. The only 
exception to this rule known to the writer is the above-men- 
tioned spring-fed ‘‘branch.”’ 


Thysanoptera.—These are very abundant on cotton, roses, 
and many wild flowers, especially the Composite. They have 
increased in numbers because of settlement. - 

Hemiptera (Miride).—For evidence as to the effect of 
settlement upon the increase in numbers of individuals of 
insects, see Reinhard (6) on Psallus seriatus (Reut.). This 
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insect has thirty-eight food plants. At least thirty of these 
are weeds. The crotons, which cover hundreds of acres of 
abandoned land in the county, are the favorite food plants. 
Under certain conditions they leave these plants to attack 
cotton, sometimes ruining the crop. The cotton Leaf-bug 
(Adelphocaris rapidus Say) has been taken from weeds, and no 
doubt it leaves these to attack cotton. Various species of 
Lygus have also been taken from weeds. 

(Coreide).—The two Leaf-Footed Plant Bugs (Leptoglossus 
phyllopus Linn.) and (L. oppositus Say) are also found first 
on weeds and then on cotton. 

(Pentatomide).—The Stink-Bug (Acrosternum marginatum 
Say) is present sometimes in great numbers. It attacks 
several garden crops as well as fruit and cotton. In this 
family, however, although about twenty-five species have been 
taken, no great number on any particular weed has been noted. 


Homoptera (Cercopide).—Only two species of Cercopide 
have been taken in the county. One of these is very abundant 
at times on Bitter-weed. It may be that these insects cannot 
stand the period of summer drought, especially since the grass 
covering has been practically destroved. 


(Membracide).—About thirty species of this family have 
been collected. They are most abundant both as to species 
and as to individuals in those old fields which have reached 
the stage where they contain the greatest number of weeds and 
grasses, especially on the edge of thickets. 

(Fulgoride).—-Something over thirty species of this family 
have been taken. These include members of the following 
sub-families: Fulgorinze, Dictyophorine, Acanaloniine, Cixi- 
ine, Flatine, and Delphacine. Fulgoride are very generally 
distributed throughout the area. Members of the last named 
sub-family are especially abundant in grassed-over fields. 


Coleoptera (Cicindelide).—This family has almost certainly 
increased in number of individuals since settlement. They 
are most abundant on the beaches of the Brazos River and 
along the sandy shores of the branches. This habitat has been 
extended as noted under Ant-Lions. Some species, especially 
Cicindella reticulatera occur in great numbers along the old 
roads and in old fields in eroded areas. Twenty-two species 
have been taken in the county. While there may not be any 
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more species at present than formerly, there are probably 
many more individuals owing to the greater extent of larval 
habitats. 

(Carabide).—What has been said of the Tiger Beetles is 
true also of the Ground Beetles. Many species are found in 
great numbers, especially in abandoned fields of the Croton- 
Bitterweed-Broomweed stage. Some species are most com- 
monly found in the Post Oak Woods. 


(Scarabaeide).—Both scavenger and leaf-feeding members 
of this family are found in considerable numbers. It seems 
though, with the reduction of sod-land, certain species must 
have been reduced in numbers. On the other hand, there is 
no doubt that the scavengers are more plentiful than formerly. 


PREDACIOUS AND PARASITIC INSECTS. 


One of the features of the insect fauna of the area is the 
great number of parasitic and predacious insects. Com- 
parisons with other parts of the country could not be made, 
but more species of insects of these types are found in old 
fields than in native grasslands. This probably points to an 
increase in number of individuals since settlement. 


INSECTS OF OLD FIELDS. 


Observations in various types of old fields show a definite 
seasonal succession. During the winter and spring months the 
Cicadellide are most numerous in species. As the weather 
gets warmer many other species of Hemiptera and Homoptera 
appear. A ‘‘peak”’ of the spring insect complex is reached 
about June 1. At this point the sucking insects disappear to a 
great extent and the Orthoptera, especially the Locustide, 
become increasingly numerous. By the middle of September 
they form the dominant group. This seasonal succession is 
most evident in old fields which have reached the stage where 
the greatest number of annuals are present. 

An interesting accompaniment of this seasonal succession is 
the gradual increase of predacious and parasitic forms to a 
‘*peak’’ which is reached about the first of October. 

In native grassland seasonal succession is not much in evi- 
dence. In fact, it seems that the Hemiptera and Homoptera 
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increase throughout the season, reaching a climax at about 
the same time as the Orthoptera. 

An ecological succession may also be observed in old fields. 
In the youngest stage the insect fauna is scanty at all seasons 
of the year except for a few forms which may appear in great 
numbers of individuals. The Locustide often lay their eggs 
in such places, and the nymphs invade nearby cotton fields. 
Cicadellide and Carabide are abundant in late summer. 
If crotons are present there may be myriads of Cotton Flea 
Hoppers. With the coming of more annuals, the insect com- 
plex increases until a climax is reached with the start of the 
grasses. In old fields which have been taken by grasses the 
insect fauna is comparatively poor. This is especially true if 
Aristida sp. is the grass. The scanty insect fauna of such a 
field is as striking as the variety of insects found in old fields 
just before grasses gain the ascendancy. It would seem 
reasonable to conclude that settlement, by wiping out much 
of the original flora and introducing a new and more varied 
one, has at least changed the original insect fauna as to numbers 
of individuals of many species. 


INSECTS OF POST OAK WOODS. 


The insect fauna of the Post Oak Woods bears a curious 
resemblance to that of the old fields, especially that of the old 
fields which are nearly taken by grasses. The difference lies 
mostly in lessened numbers of individuals if those forms which 
feed on trees and shrubs be ignored. One interesting fact is 
that while the fields may be mostly bare of insect life in January 
and February, certain insects, especially Orthoptera, Coleoptera, 
and Hemiptera, may be found in the woods throughout the 
winter. The similarity of the insect complex may be due to 
the fact that many of the plants common in the fields may 
still be found in the woods. In other words, the Post Oak 
Woods are recent invaders of the grasslands, and true forest 
conditions have not yet developed. 
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CICADELLID2 OF BRAzos COUNTY. 


In the following list of Cicadellidz are included all the 
records of Texas species in the writer’s collection. This is not 
offered as a complete list of Brazos County species, for, because 
of the peculiar distribution of leafhoppers in the area, as will 
be pointed out later, new records are being added at frequent 
intervals. It is believed to be inclusive enough, however, to 
show the characteristics of the leafhopper fauna. No citations 
are given prior to the Van Duzee catalog. 


Agallia novella (Say), Carpet Grass in dense growth, Navasota Bottom. May, 
June, July. 


Agallia constricta Van D., Most abundant in old fields which have reached the 
grass stage, but still contain many weeds. Alfalfa, Bermuda Grass, Burr 
Clover. April, May, June, August, November. 

Agallia sanguinolenta (Prov.), All old fields except driest, also on Alfalfa and 
Bermuda Grass; not abundant. Throughout year. 

Agallia uhleri Van D., One of the few species taken in Aristida fields. Old fields in 
general. May, June. 

Agallia gillettei O. and B., Not known. Collected by H. C. Yingling. October. 

Agallia cinerea O. and B., Bermuda Grass. Only one individual taken. August. 

Idiocerus nervatus Van D., Willow. April. Collected by H. G. Johnston. 

Macropsis viridis (Fitch), Willow at edge of tanks. April, May, June. 

Bythoscopus robustus (Uh1.), Honey Locust. Frequently taken from coarse weeds. 
Throughout year. 

Oncometopia undata (Fab.), Cotton, coarse weeds in river bottom. Willow. 
April, July, September. 

Oncometopia lateralis (Fab.), Similar to O. undata, also on Alfalfa. Throughout 
year. 

Homalodisca triquetra (Fab.), Cotton, coarse weeds, Bottom Land. June to 
September. 

Aulacizes irrorata (Fab.), Cotton, coarse weeds, Willow. Bottom Land. April to 
October. 

Kolla bifida (Say), Bermuda Grass. Most abundant in Bottom Land. June to 
August. 

Kolla hartii (Ball), Old fields in grass. Aristida sp. Throughout year. 

Graphocephala versuta (Say), Alfalfa. Bottom Land shrubs and vines. Through- 
out year. 

Draeculacephala floridana Ball, Edge of Salt Lagoons near Point Isabel, Texas. 
Occurs on Monanthochloe littoris and possibly on the associated Salicornia 
ambigua. Not found in Brazos County. January, February. 


Draeculacephala balli Van D., Bermuda Grass, in pine woods, Beaumont, Texas. 
December. 

Draeculacephala acuta (Walk.), Grass, especially Bermuda. May to July. 

Draeculacephala bradleyi Van D., Grass on lawn. One specimen taken. December. 


Draeculacephala angulifora (Walk.), Mixed grass and weeds. Taken by H. J. 
Reinhard. September. 


Draeculacephala mollipes (Say), Grass. June to October. 
Draeculacephala minor (Walk.), Grass. May to September. 
Draeculacephala noveboracensis (Fitch), Grass; only one taken. June. 
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Draeculacephala sagittifera (Uhl), Bermuda Grass, Gulf Coastal Prairie. At 
Angleton and Freeport extremely abundant on this grass. One specimen in 
Brazos County. Occurs also in Pine Woods at Beaumont, Texas. Throughout 
year. 

Draeculacephala reticulata (Sign.), Bermuda Grass, Oats, Burr Clover, Alfalfa, 
Old fields. Throughout year. 

Gypona octolineata (Say), Old fields where weeds and grass are rankest. Native 
grassland. May, June, July. 

Gypona melanota Spangb., Mixed grasses in old fields. June. 

Gypona angulata Spangb., Weeds in old fields. September. 

Gypona scarlatina Fitch, Collector unknown; not taken by writer. May and 
November (?) 1904. 

Gypona miliaris Stal., Mixed herbs and grasses, low places in old fields. Native 
grassland. August, September, October. 

Gypona resima Fowl., Mixed herbs and grasses; low places in old fields. May, 
June, July. 

Xerophloea viridis (Fab.), In grasses and herbs along south side of woods. Some- 
times within woods.. Aristida sp., Native grassland. May to November. 

Xerophloea major Baker, As in X. viridis and also in alfalfa, Brazos Bottcms, 
Aristida sp. Native grassland. May to November. 

Dorycephalus platyrhynchus Osb., Old fields, mixed grass and herbs in dry localities. 
September. 

Spangbergiella mexicana Bak., Collected from Post Oak by T. P. Remy; one 
specimen taken. January. 

Parabolocratus flavidus Sign., Mixed grass and herbs, old fields, low places. Native 
grassland. May to September. 

Mesamia straminea (Osb.), Collected by H. C. Yingling. September, October. 

Mesamia palliolata (Ball), Wild sunflower, Dallas. Not taken in Brazos County. 
April. 

Scaphoidus sanctus (Say), Old field weeds. June. 

Scaphoidus immistus (Say), Old fields, weeds. June. 

Platymetopius cinereus O. and B., Grass in low places in old fields. Also grass in 
pine woods. Beaumont, Texas. Native grassland. Throughout year. 

Platymetopius frontalis Van D., Native grassland. May, June, July. 

Platymetopius loricatus Van D., Has been swept from grasses and also from cedar 
and Crataegus. Native grassland. March to November. 

Platymetopius magdalensis Prov., Grass in thick growth. September. 

Deltocephalus inflatus O. and B., Grass in low places. Throughout year. 

Deltocephalus weedi Van D., Old fields of grass and low-growing herbs. Native 
grassland. Throughout year. 

Deltocephalus obtectus O. and B., Old fields of grass and weeds. Native grass- 
land. Throughout year. 

Deltocephalus compactus O. and B., As D. weedi. Throughout year. 

Deltocephalus flavicosta Stal., Grass in pine woods, Beaumont, Texas. January. 

Deltocephalus debilis Uhl., Low thick grass. September. 

Deltocephalus pyrops Crumb.; Crumb. Ann. Ent. Soc. Amer., viii, p. 191, 1915. 
Platymetopius pyrops Van Duzee, Cat. Hemip. N. A. P. 365, 1917. Acurhinus 
pyrops Osborn, Ohio Jour. Sci., xx, p. 159, 1920. The above synonomy is 
taken from ‘‘A Monographic Study of the North American Species of the 
Genus, Deltocephalus,’’ by Dwight Moore DeLong, Ohio State University, 
University studies, vol. II, No. 13, contributions in Zoology and Entomology, 
No. 3. 

Swept from mixture of weeds and grass. September. 


Aconura atropuncta (Gill.). 
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Euscelis obscurinervis (Stal.); Jassus (Thamnotettix) obscurinervis Stal., Eugenies 
Resa, Ins. Hemipt., 1858, p. 298. Cicadula exitiosa Uhler, Am. Entom., 
Vol. III, 1880, p. 72. Euscelis exitiosa Van Duzee, Catalog Hemip. North of 
Mexico, 1917, p. 655. Euscelis obscurinervis, Osborn, Ann. of the Carnegie 
Museum, Vol. XV, p. 412, 1924. The above synonomy is taken from ‘‘The 
Leafhoppers of Ohio,’’ by Herbert Osborn, Ohio Biological Survey, Bull. 14, 
Vol. III, No. 4, p. 291, Sept., 1928. 

Bermuda Grass, Oats, Burr Clover, Alfalfa, thick short grass, especially 
in low places. Throughout year. 

Euscelis striolus (Fall), Taken in sweepings from cotton, not taken in Brazos 
County. August. 

Euscelis bicolor (Van D.), Oats, old fields, Bermuda Grass, but not as extensively 
as E. exitiosus. Throughout year. 

Euscelis obtutus (Van D.), Short thick grass, mostly taken in Post oak woods. 
April, September. 

Euscelis sp., Throughout year. Frequently taken in winter on warm days. 


Euscelis sp., Short grass in a low place in old field. October. One specimen 
only taken. 

Eutettix pictus Van D., From low shrubs in Pine woods. Beaumont, Texas. 
December. 

Eutettix seminudus (Say), Swept from cotton in Falls County. August. 

Eutettix cinctus O. and B., Old field, weeds and grasses. June. 

Eutettix strobi (Fitch), Weeds in old field. August and September. 

Phlepsius spatulatus Van D., Navasota River Bottom, tangled dead weeds and 
small shrubs. December. 

Phlepsius excultus (Uhl.), Weeds at edge of woods. May, June, July. 

Phlepsius distinctus Lathrop, Grass and dewberry vines at edge of cultivated 
fields. Throughout year. 

Phlepsius pulchripennis Baker, Weeds in old fields. June. ‘ 

Phlepsius turpiculus Ball, Grass and vines. April to October. Taken also in 
Waller County, and at Beaumont in Pine woods. 

Phlepsius irroratus (Say), Grasses. June to September. 

Phlepsius collitus Ball, Grass and weeds in old fields. June. 

Acinopterus acuminatus Van D., Taken both in old fields and in Post-oak woods on 
grass and weeds. Alfalfa. Throughout year. 

Thamnotettix fitchii Van D., Grass in low places in old fields. October. 

Thamnotettix nigrifrons (Forbes), Bermuda Grass. Widely distributed in many 
other grasses, Oats, Native grassland. Throughout year. 

Thamnotettix colonus (Uhl.), Swept from Oats, Bermuda Grass, Carpet Grass. 
Seems to prefer short thick-growing grass. Native grassland. Throughout 
year. 

Chlorotettix spatulatus O. and B., Grass and weeds in old fields. May to October. 

Chrolotettix viridius Van D., Grasses and weeds in old fields, also in Post oak 
woods. Native grassland. June to September. 

Chlorotettix galbanatus Van D., Grass and weeds in old fields. April to June. 

Neocoelidia tumidifrons G. and B., Swept from grass and weeds. August and 
September. 

Tinobregmus pallidus Osb., Swept from weeds in old fields. May to September. 

Cicadula sexnotata (Fall.), Found on grass, both in fields and woods; also on alfalfa 
and oats. Throughout year. 

Balclutha impicta (Van D.), Oats and grass. September and October. 

Eugnathodus abdominalis (Van D.), Bermuda grass. Old fields, Aristida. March 
to December. 

Dikraneura abnormis (Walsh), On grass both in old fields and in Post-oak woods. 
Throughout year. 

Dikraneura fieberi (Loew), On grass in old fields and Post-oak woods. May to 
October. 

Empoasca fabae (Harr.), Beets, Beans. January (?) to May. 

Empoasca sp., Swept from cotton in Falls County. August. 

Erythroneura comes (Say), Wild grape, shrubs, and vines. Throughout year. 
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RELATION OF LEAFHOPPER FAUNA OF BRAZOS COUNTY 
TO THAT OF THE REST OF NORTH AMERICA. 


In the preceding list but nine species are recorded by Van 
Duzee (9) as occurring only west of the Mississippi River. 
About eighty species are recorded as occurring east of the 
Mississippi River. Fifty-one species of these are recorded as 
occurring in Florida. Turning now to Lathrop’s list of South 
Carolina species (3) we find fifty-seven of the Brazos County 
list recorded. Laying aside the question of the origin, the 
leafhopper fauna of Brazos County appears from the above 
records to be a part of that fauna whose center of distribution 
is the Mississippi Valley. The term ‘‘center of distribution’”’ 
is used as defined by Transeau (8) in relation to plants, that is, 
as not implying that the Cicadellide necessarily spread from 
the Mississippi Valley, but that the complex of ecological 
factors most favorable to the development of an extensive 
leafhopper fauna, both as to number of species and as to number 
of individuals, is located there. 

When first starting to collect Cicadellide in this region, the 
writer expected to find many typically southwestern forms. 
That this has not been the case has been shown above. After 
all, when we consider the vegetation of the county and its 
relation to the eastern forests and to the prairie, it seems 
reasonable that the insect life would show more eastern than 
typically southwestern forms. 


STUDIES IN THE PRESENT DISTRIBUTION OF LEAFHOPPERS 
IN THE COUNTY. 


In the attempt to gain as comprehensive an idea as possible 
of the leafhopper fauna of the county, the leafhopper complex 
of each of the following habitats has been studied: 


1. Native grassland. 5. Oats. 

2. Old field. 6. Alfalfa. 

3. Aristida field. 7. Post-oak wood grassland. 

4. Bermuda grass. 8. Leafhoppers of woody plants. 


‘ ” 


This is an example of static or 


‘pigeon-hole’’ classification 


of habitats. It seems about the only one possible considering 
the disturbed condition of the vegetation. While it would 
probably be possible for a plant ecologist to work out a genetic 
classification of the vegetation of the county, some of the plant 
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associations would not be large enough to be significant as 
insect habitats. 

In the discussion of the leafhopper complex of the above 
habitats, no attempt has been made to connect up each species 
of leafhopper with some particular habitat. The attempt has 
rather been made to give the conspicuous features of the leaf- 
hopper complex of each habitat and to show its relation to 
that of other habitats. 


NATIVE GRASSLAND. 


This association is of such limited extent that the leaf- 
hopper complex peculiar to it must have been considerably 
modified. One characteristic is noticeable, namely, the even- 
ness of distribution of species both throughout the field and 
throughout the season. This has been found to be true of no 
other habitat with the exception of the Post-oak wood grass- 
land. This can be explained by the fact that in these habitats 
the leafhoppers are not so exposed to the extremes of heat, 
light, and moisture. In the native grassland the grasses form 
a thick covering so that conditions are more equable throughout 
the year and throughout the field. 

Leafhoppers of the native grassland: Draeculacephala 
mollipes; D. minor; Gypona octolineata; G. miliaris; Xerophloea 
viridis; X. major; Platymetopius cinerius; P. frontalis; Delto- 
cephalus weedi; D. obtectus; D. compactus; Euscelis bicolor; 
Phlepsius trroratus; Thamnotettix nigrifrons; T. colonus; Chloro- 
tettix viridius; Eugnathodus abdominalis. 

At nearly any time from April to November any of these 
species may be taken in native grassland. The two species 
of Draeculacephala are usually the most numerous. T. nigri- 
frons is also abundant. FE. abdominalis is very evenly dis- 
tributed throughout the field. None of these species are 
confined to this habitat. All have been taken in old fields and 
on weeds and grass in Post-oak woods. In the old fields, 
however, their distribution is very different. 

A number of other species have been taken in these fields. 
D. reticulata and E. obscurinervis are fairly common, but have 
never been found in such numbers as in Bermuda grass or 
oats or in patches of grass in old fields. 
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OLD FIELDS. 


An old field is a very different habitat from the preceding. 
The following discussion applies to a field which has reached the 
stage where it has the maximum number of species of grasses 
and annuals referred to in the first part of this paper; in other 
words, just before the grass has become dominant. The grass 
is of a number of species, but the Aristidas appear early upon 
the drier situations, while Bermuda grass frequently forms 
almost pure stands in lower, moister places. 

Leafhoppers of old fields: Agallia constricta; A. uhleri; 
Kolla hartii; Draeculacephala acuta; D. mollipes; D. minor; 
D. reticulata; Gypona octolineata; G. miliaris; G. resima; Xero- 
phloea viridis; X. major; Scaphoidus sanctus; S. immistus; 
Platymetopius cinereus; P. frontalis; Deltocephalus inflatus; 
D. weedi; D. obtectus; D. compactus; Euscelis obscurinervis; 
E. bicolor; E. obtutus; Eutettix cinctus; E. strobi; Phlepsius 
distinctus; P. pulchripennis; P. turpiculus; P. irroralus; P. 
collitus; Acinopterus acuminatus; Thamnotettix fitchi; T. nigri- 
frons; T. colonus; Chlorotettix spatulatus; C. viridius; C. gal- 
banatus; Tenobregmus pallidus; Cicadula sexnotata; Eugnathodus 
abdominalis; Dikraneura abnormis. 

A number of other species have been taken, but these are 
the species most in evidence. 

The seasonal distribution is interesting. Beginning about 
the first of February, but varying from year to year according 
to temperature and moisture, there is a gradual increase in 
the number of individuals and of species as the season advances. 
D. reticulata, E. obscurinervis, and T. colonus are present all 
winter in good numbers. They show the first increase in 
numbers and are followed by D. mollipes, G. octolineata, E. 
bicolor, T. nigrifrons, C. viridius and C. sexnotata. These 
species do not always follow in the order given. Moisture 
is undoubtedly the controlling factor as it affects their favored 
food plant. In following an old field through a year the effect 
of moisture upon the leafhopper complex can easily be observed. 
In the spring the distribution of species throughout the field 
is comparable to the distribution in a field of native grass as 
regards species. Always, however, there are places in an old 
field where individuals are extremely numerous. As _ the 
season advances there is a gradual drying up of the higher 
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places in the old field and a corresponding decrease in leaf- 
hoppers until by the middle of July in average years these 
places will be devoid of leafhoppers. They may still be found 
in the lower places in the old field where the grass covering is 
densest. 

It should not be inferred that there is a migration from the 
drier localities to the more moist. This has never been observed, 
nor does there appear to be any increase of leafhoppers in the 
moister places as the season advances. These places show a 
marked uniformity of species and number of individuals through- 
out the year as compared with the rest of the old field. There 
is, however, a migration from the more favored spots to the 
rest of the field as soon as rains make them suitable for leaf- 
hopper existence. That this is true is shown by the presence 
of both nymphs and adults in the moister places and the 
gradual appearance of adults only in the drier places following 
improved moisture conditions. 


ARISTIDA FIELDS. 


Many of the old fields of the county have been taken by 
these grasses. They gradually replace the annuals and are 
probably the climax vegetation on certain soils. Especially 
noticeable in late summer and early autumn are the fields where 
Aristida purpurascens is dominant. Many of the annuals are 
in evidence in the spring, but they are greatly reduced in 
number of individuals. 

Leafhoppers of Aristida fields: Only seven species have been 
taken in pure stands of Aristida, Agallia uhleri; Kolla hartii; 
Xerophloea viridis; X. major; Thamnotettix fitchii, (one speci- 
men); Eugnathodus abdominalis; Dikraneura abnormis. None 
of these species have ever been taken abundantly enough to 
avoid the suspicion that they are accidentally present. E. 
abdominalis has been found to be the most numerous species 
in this habitat. 


BERMUDA GRASS. 


This grass was introduced into Texas in the 1870’s. It is 
now widely distributed both in the bottoms and upon the 
uplands. It spreads wherever the native grasses have been 
thinned out and there are opportunities for its runners to make 
their insidious advance. This grass can be found green in 
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sheltered places throughout the winter. It is drought-resistant 
and remains green all summer except in the very driest places. 
These two facts, together with its wide distribution, make it 
of the first importance as a food plant for many insects. Hem- 
iptera and Homoptera are especially abundant on it at times. 
This is particularly true of the Cicadellide. 

Leafhoppers of Bermuda grass: Agallia constricta; Oncomie- 
topia lateralis; Kolla hartii; K. bifida; Draeculacephala mollipes; 
D. reticulata; D. angulifera; D. Acuta; D. minor; Gypona octo- 
liniata; Xerophloea viridis; X. major; Platymetopius frontalis; 
Thamnotettix nigrifrons; Euscelis obscurinervis; Phlepsius col- 
litus; P. trroratus; P. distinctus; Acinopterus acuminatus; 
Chlorotettix viridis; Cicadula sexnotata; Eugnathodus abdominalis. 
A number of other species might be named, but the above 
mentioned are the most characteristic. 

Several of these leafhoppers, i.e. Draeculacephala mollipes, 
D. reticula, Thamnotettix nigrifrons, Euscelis obscurinervis, 
Phlepsius irroratus, and Cicadula sexnotata are well-known to 
be pests of grains and grasses. Eugnathodus abdominalis is 
very abundant on Bermuda grass at times. D. reticulata and 
E. obscurinervis fairly swarm upon this grass. Without doubt 
it supports the greatest number of individuals, if not the great- 
est number of species, of any leafhopper food plant in the county. 
The number of D. sagitifera on Bermuda grass at Freeport, 
Texas, is amazing. This constitutes the heaviest infestation 
of leafhoppers yet seen by the author on any plant. Only one 
specimen of the species, however, has been taken in Brazos 
County. 

One characteristic of the Bermuda grass habitat is the 
many small parasitic Hymenoptera which find shelter in it 
throughout the winter. Whether they are parasites of Cicadel- 
lide or not has not been determined, but certainly leafhoppers 
are the most numerous insects present. In fact, they are 
frequently the only insects taken in the bag after vigorous 
sweeping with the exception of the parasitic Hymenoptera 
mentioned. 


OATS. 


This crop is planted in Brazos County about the middle of 
October or before if there has been sufficient rainfall following 
the usual summer drought. It is generally used for grazing. 
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From the time the oats come up in the fall until about the 
first of May they are attacked by a number of species of 
Cicadellide. In fact, the same species listed as characteristic 
of the Bermuda grass have been taken from oats. Their 
appearance upon oats, however, is quite different from that on 
Bermuda grass. This is one instance in which a definite 
migration from one habitat to another can be checked. About 
the time the oats are about three inches high Euscelis obscuri- 
nervis will be found. Then Draeculacephala begin to appear, 
closely followed by Cicadula sexnotata and Thamnotettix nigri- 
frons. These will be abundant in the oats all winter. Even 
twenty-four hours of south wind and of sunshine, following a 
norther with a drop of 30 degrees F. or more, serve to bring 
them out in myriads. About the first of February several 
other species appear, increasing rapidly in numbers. A gallia 
uhleri, Eucelis bifida, Draeculacephala mollipes and D. minor, 
Phlepsius irroratus, Chlorotettix viridius, and sometimes Eugna- 
thodus abdominalis are present in considerable numbers. All 
of these may be taken on the Bermuda grass which is almost 
always near. On the grass, too, many nymphs may be taken 
at nearly all times. Nymphs are quite scarce upon the oats, 
especially at any considerable distance from the grass. 

Euscelis obscurinervis is the most abundant form on the 
oats. They are followed by Draeculacephala reticulata and the 
Cicadula sexnotata. These three species are nearly always 
present in greater or less numbers upon oats throughout the 
season. 


ALFALFA. 


This crop is grown in Brazos County only in the Brazos 
River Bottom. It forms a dense covering in this situation 
and it is attacked by numerous species of leafhoppers through- 
out the year. The leafhoppers, however, are most abundant 
in late fall and early spring. 

The leafhopper perhaps most evenly distributed through a 
year period is Empoasca fabe. This, too, is probably the most 
abundant, though A gallia constricta is very plentiful at times, 
especially in the late fall. A. sanguinolenta has not been taken 
abundantly, but it is nearly always found and is of particularly 
even distribution over the field. Oncometopia lateralis is com- 
mon on alfalfa and sometimes is the most abundant species, 
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especially in the spring during Marchand April. Graphocephala 
versuta is found frequently, but nearly always at the edge of 
the field near weeds and vines. Acinopterus acuminatus is 
generally distributed throughout the fields. Chlorotettix viridius 
occurs frequently. Eugnathodus abdominalis is abundant at 
times and in restricted areas. 

Nymphs of nearly all these species are to be found, especially 
in the spring, but never in such numbers as are to be found 
upon nearby Bermuda grass. This is almost certain proof of a 
constant migration from this grass to alfalfa. 

One peculiarity of the leafhopper complex is that though 
E. obscurinervis and D. reticulata and D. mollipes are taken, 
they are never so abundant as they are upon Bermuda grass 
and oats on the upland. 


POST-OAK WOODS GRASSLAND. 

This grassland consists to a considerable extent of the 
same grasses found in the open fields. Andropogon furcatus, 
A. scoparius, A. saccharoides, Aristida sp., and many others 
are found scattered throughout the wooded area. The same 
annuals, too, are present. Even the crotons are found in spots. 
None of the annuals, however, assume the dominance common 
in old fields. It is probable as before stated that true forest 
conditions have not yet developed over a great deal of the 
wooded area in the county. 

Leafhoppers of post-oak woods grassland: Draeculacephala 
mollipes; D. minor; Xerophloea viridis; X. major; Platymetopius 
cinereus; Deltocephalus weedi; D. compactus; Thamnotettix col- 
onus; Eugnathodus abdominalis; Phlepsius irroratus. 

This complex resembles that of the native grassland in 
species content and in the quite even distribution. D. recticu- 
lata, E. obscurinervis have not been taken, however, in the 
Post-oak woods grassland. Neither have any of the species 
named in the complex ever been taken in any considerable 
numbers. This complex probably represents a relic of the 
former leafhopper fauna of the county. 


WOODY PLANTS. 


Only eight species of leafhoppers have been taken from 
woody plants, such as shrubs, trees, and vines. As the forest 
grows more scanty toward its western limit, the species inhabit- 





| 





1930] Fletcher: Ecology of Texas Insects 51 


ing the woody plants peculiar to the forest will grow less. Even 
though the favorite food plant may be present, it may be in 
such scattered numbers that the factors of moisture, heat, and 
light may be unsuited to the insect. The texture of leaves may 
grow more tough and resistant to insect attack due to the 
arid conditions. The chances, too, of migration become less as 
the host plant becomes less frequent. 

Leafhoppers of woody plants: Idiocernus nervatus (willow) ; 
Macropsts viridis (willow) ; Bythoscopus robustus (Honey locust); 
Oncometopia undata (willow, poplar, cottonwood, many shrubs, 
cotton, and vines); O. lateralis (as in the case of the preceding) ; 
Aulacizes trrorata (as in the preceding); Graphocephala versuta 
(as in the preceding); Erythroneura comes (Cretagus, youpon). 


ORIGINAL CHARACTER OF THE LEAFHOPPER FAUNA. 


Whatever the character of the vegetation of Brazos County 
before settlement, it undoubtedly presented a more uniform 
type of plant distribution than at present. That the grasses 
predominated is certain. There were many annuals mostly in 
evidence in the spring and early summer. These, however, 
did not occur as pure stands of annuals, that is, where one 
annual followed another throughout the growing season. This 
points to a more even distribution of leafhoppers than occurs 
at present. That this is true is shown by the leafhopper com- 
plex of a field of native grasses. By the term native grasses 
is meant a field which has never been plowed or overgrazed. 
The writer finds it impossible to point to any one group of 
leafhoppers as probably dominant before settlement, unless the 
leafhoppers of these fields are representative of the original 
complex. Probably there was no particularly dominant group 
but an even distribution of species and individuals throughout 
the area. Of course, there was a gradual elimination of certain 
species as the drier situations were approached. 


INFLUENCE OF SETTLEMENT UPON ORIGINAL LEAFHOPPER 
FAUNA. 


Settlement affected the vegetation through grazing and 
through agriculture. At first it is not likely that grazing had 
much effect, but as more and more of the land was fenced and 
more cattle concentrated on any given area, the palatable 
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grasses were destroyed and old field vegetation took its place. 
Plowing destroyed the original vegetation at once, and when, 
after a few years devoted to growing cotton, the land was 
abandoned, the annuals from the old fields speedily came in. 
In the place of the former grassland appear great areas in which 
seasonal succession of annuals takes place. 

We have discussed the probable original evenness of the 
leafhopper distribution. Agriculture undoubtedly broke up 
any such evenness. In a drive from College Station south to 
Navasota, a distance of twenty-six miles, all the habitats 
discussed previously, with the exception of native grassland, 
may be seen. Even this is approximated along the railway 
right-of-ways. It is easy to demonstrate the difference between 
the leafhopper complexes of these various habitats at any 
given time of year. It is also easy to see that these habitats 
are the result of settlement. Habitats which may be separated 
by only so much as a fence are totally different from a floristic 
and faunistic point of view. This difference did not exist before 
settlement. 

Certain species have increased as to number of individuals 
because of the changed conditions. Euscelis obscurinervis was 
probably one of these, as were also Draeculacephala reticulata 
and Cicadula sexnotata. This is thought to be true because of 
the increase in areas of short grass such as Bermuda and of 
other grasses kept short by grazing. In such places and in 
oats these species are extremely abundant. 

On the other hand, it seems probable that many species of 
Phlepsius, Gypona, Platymetopius, and Deltocephalus have 
decreased in number of individuals. At the present time these 
are widely distributed, though but one or two species and few 
individuals of these being taken at any one place. They are 
‘still abundant but in nothing like the numbers common to the 
species discussed in the preceding paragraph. 

Another way in which agriculture has affected the leafhopper 
fauna is in the decrease of suitable breeding places. Formerly, 
under the conditions of even distribution of grasses, it is probable 
that leafhoppers bred over the whole region. Now, if collecting 
is carried out over an old field at regular intervals, it is readily 
seen that breeding is restricted to certain areas. These areas 
are usually the lower places in the field as it is there only that 
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nymphs are taken. There still remain, however, a sufficient 
number of breeding places that there has most likely been no 
decrease of species within the area. 


SUMMARY. 


Brazos County, Texas, while located in what is usually 
referred to as the Post-oak Region, was at a former time, 
nevertheless, dominated by grasses. The grasses occurred in 
almost pure stands except that in the spring there were many 
flowering annuals. 

Settlement through overgrazing and agriculture broke up 
the original flora. In this way many annuals which once 
occurred scattered throughout the region were allowed to 
assume dominance. Thus was brought in typical old field 
vegetation. The breaking up of the original flora affected also 
the insect fauna in that it made conditions favorable for the 
increase of certain species. 

The Cicadellidze of the county are a part of the leafhopper 
fauna of the Eastern United States with the addition of a few 
southwestern species. 

There are at the present time various habitats each with a 
characteristic leafhopper complex. 

The Cicadellidze were formerly distributed evenly over the 
area. 

Agriculture has broken up the original evenness of dis- 
tribution. It has also introduced Bermuda grass and oats, 
and it has permitted certain species to increase enormously 
in number of individuals. By destroying the original grass- 
land, it has at the same time decreased the number of indi- 
viduals of certain other species. It probably has not changed 
the original number of species in the area. 
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EXPLANATION OF PLATES. 


PLATE I. 


— 


Original Post-Oak Forest. 

2. Present Post-Oak Forest which has practically replaced original type. 

3. Prairie formation on black land. Principal grasses, Andropogon furcatus 
and A. scoparius. 


PLaTe II. 


1. Old field. Croton Weed. 
2. Old field. Bitterweed. 
3. Andropogon scoparius and A. saccharoides along railway right-of-way. 
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STUDIES IN THE ECOLOGY OF FOREST COLEOPTERA.* 


Seral and Seasonal Succession of Coleoptera in the Chicago 
Area, With Observations on Certain Phases 
of Hibernation and Aggregation. 


ORLANDO PARK, 


Whitman Laboratory, University of Chicago. 


The region in the vicinity of Chicago, Illinois has been 
described previously by Salisbury and Alden (1899), Cowles 
(1901), Shelford (1913), and more recently by Fryxell (1927), 
among others. In general, Cowles noted (p. 8) that this area 
has ‘‘three great vegetation types: the mesophytic upland 
forests of the morainic clays, the hydrophytic lakes and swamps 
or mesophytic prairies of the Chicago plain, and the xerophytic 
forests of the dunes and beaches.”’ 

The upland forest sere in the Chicago area was shown to be 
composed of a number of well-defined plant communities by 
Cowles (1899, 1901). Such a succession is shown in the sand 
dune region of northern Indiana, where, beginning with the 
xerophytic beaches, these areas are captured by pioneer sand- 
binding herbs and shruhs, eventually forming sandy fore-dunes. 
The fore-dunes are succeeded by cottonwood associes, which in 
turn give way to conifer associes. These latter are replaced 
by black oak associes which mark the end of the sere in many 
parts of the dunes, but in other areas these pioneer forests are 
replaced by a mixed oak-elm-hickory sub-climax forest. The 
ultimate climax of the sere, in this area, is a beech-sugar maple 
association in the Indiana, and a sugar maple association in the 
Illinois, sections of the Chicago area. 

The work of Cowles has been greatly extended by that of 
his students. Recently, Graham (1927) found this succession 
to hold for the fungi. Shelford (1913) found a correlation 


*In this series of papers, I wish to acknowledge the aid and criticism of Dr. 
W. C. Allee, of the University of Chicago; of Mr. J. A. Maxwell, of the Pilcher 
Arboretum, Joliet, Illinois, and Mr. W. J. Gerhard, Mr. Emil Liljeblad, and Mr. 
A. B. Wolcott, of the Field Museum of Natural History, for many favors, especially 
the determination and checking of species of beetles. 
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between plant and animal species in the forest sere and outlined 
seral or community succession especially with insect material, 
e.g. Cicindela (pp. 218-261). His studies have been extended 
most recently by Holmquist (1926), so that the biotic character 
of the upland forest sere is clearly defined for each major 
community. 

In the present study, beginning with April, 1922, and run- 
ning through December, 1928, 243 field trips have been made 
in the upland forest sere. For the last six and three-quarter 
years (81 months), an average of three trips per month has 
been maintained. Since March, 1926, 168 days have been 
spent in the field, or an average of 4.9 days per month, so that 
sufficient time has been spent in the field to obtain the rough 
outlines of the beetle communities of the area studied. Of 
the 243 trips, a majority, e.g. 140, were to the dune area study- 
ing the pioneer communities of the cottonwood, conifer and 
black oak; 29 trips were made to the subclimax oak-elm-hickory 
communities; and 36 trips were taken to the climax maple and 
beech-maple associations. The time spent in the field was 
distributed differentially, viz. roughly 7°% of the trips were 
made in the winter months, 31% in the spring, 40% in the 
summer and 23% in the autumn. 

During this time 592 species and varieties of beetles have 
been observed and some 5000 specimens mounted for determi- 
nation. This material represents, in round numbers, about 
10,000 ecological records. These species have been arranged 
after the checklist of Leng (1920, 1927), and, thanks to the 
specialists mentioned, have been determined as accurately as 
possible. The material had been frequently rechecked by 
these workers, and checked again by the writer. These species 
constitute approximately one-third of the total number of 
species of beetles found in the Chicago area, and have been 
incorporated elsewhere into an ecological and taxonomic list, 
together with the available data on locality range, seasonal 
range, habitat niche, and hibernation data.* 





*Park, O. ‘Ecological Check-list of the Coleoptera of the Chicago Area,”’ 
(to be published). 
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I. SERAL SUCCESSION IN THE CHICAGO AREA. 


This first section attempts to show that there is a beetle 
sere corresponding to the upland forest sere in the vicinity 
of Chicago. Six well-defined communities of beetles were 
studied: 


(1). Those species found associated with the strand of Lake 
Michigan, e. g., the sandy depositing shore, including the lower beach 
complex and foredunes from Tremont, Indiana, to Waukegan, Illinois. 


(2). The pioneer cottonwood associes of the Indiana dune region. 


(3). The pioneer conifer associes of the Indiana dune region and 
the Illinois dune region. 


(4). The pioneer oak associes in the Indiana and Illinois dune 
regions; at Edgebrook, Illinois; at Palos Park, Lllinois, and a portion 
of Glenview, Illinois. 

(5). The sub-climax oak-elri-hickory-basswood associes at River- 
side, New Lennox, Edgebrook, and portions of Palos Park and Glenview 
(Illinois); the ‘“‘dune climax’”’ at Ogden Dunes, Indiana, and a part of 
Tremont, Indiana, with comparative data from the blufis of the 
Sangamon river near Springfield, Illinois. 

(6). The climax forest association at Joliet, Illinois (sugar maple); 
Michigan City, Indiana (young beech-maple); Smith, Indiana, and 
Lakeside, Michigan (mature beech-maple). 


These are the chief areas studied and a more complete list 
of localities will be found in the check-list mentioned previously. 


In the following table (Table I) the 592 species and varieties 
are separated into their respective 56 families, and the distribu- 
tion of each family in the major communities is shown. 


In this table the number of species refers to the imago 
only, and the total number on the left represents those species 
of Coleoptera collected in the upland forest sere of the Chicago 
area, in the 81 months in which this survey was made. 
Obviously, many species are not represented which undoubtedly 
occur, and many more were collected but the material has 
not been satisfactorily identified. 
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TABLE I. 
DISTRIBUTION OF SPECIES BY FAMILIES. 
, | TorTar CottTon- ia Back Sus- BEACH 

FAMILY SPECIES woop | CONIFER] “Oax Cumax | CUMAX | Comprex 
Cicindelide | 9 1 2 3 1 3 7 
Carabide || 123 5 5 46 43 39 89 
Hydrophilide 1 1 1 1 1 
Leptinide | 1 1 
Silphide | 12 4 3 7 3 

aes me _ = | —| - - _ —_ —_ 
Orthoperide 1] 1 1 1 
Staphylinide | 34 2 2 6 10 17 13 
Pselaphide | 1 1 
Clavigeride | 1 1 
Scaphidiide 4 1 1 3 
ceniierntiliahaitan fais iconic aiaeainiiiian sna seieteesitil spina acieibidielianins 
Histeride 17 3 | 6 3 7 11 
Lycide 1 | 1 
Lampyride 4 | | 4 2 1 2 
Cantharide 10 2 | 5 7 3 1 
Melyride 4 3 2 
Cleride 7 1} 4 2 1 
Corynetide 2 1 1 1 
Oedemeridz 1 | : 1 
Mordellidz 14 | 9 9 4 
Meloide 5 1} 1 3 1 1 1 
Pyrochroide 1 1 
Pedilide 5 | 2 2 3 2 
Anthicide 1 1} 1 1 
Elateride 22. 1 6 8 6 9 6 
Eucnemide 2 | 2 
Buprestidz 12 1} 1 7 2 | 1 3 
Helodide 2 i| 1 | 1 | 
Dermestide 3 || 2 1 
Ostomide 2 1 1 2 
Nitidulide 12 | 1 4 6 5 3 
ch teiliecaieminiesbaiaeuis aiid lieiecimecamakile J cues ml eal iia 
Monotomide 2 1] 2 | 1 
Cucujide 8 | 2 6 2 | 2 
Erotylide | 9 2 5 5 
Cryptophagide | 8 1 1 3 8 
Mycetophagide 2 1 1 2 
Colydiide | 3 1 3 2 2 
Mvcetaeide | 1 1 1 
Endomychide | 2 1 1 1 
Coccinellide | 23 5 1 13 10 6 18 
Alleculide | 5 4 1 
Tenebrionidz | il 1 5 3 8 
Melandryide 7 1 5 1 3 1 
Anobiide 1 1 
Lyctide 1 1 
Ciside 1 1 
Scarabaeidz 36 6 14 4 12 19 
Trogide 4 1 3 
Lucanide 5 1 1 2 3 
Passalide 1 1 1 
Cerambycide 37 | 3 16 15 6 5 
Chrysomelide 82 | 9 42 19 18 35 
Mylabride 1 1 
Brentide | 1 1 1 
Platystomide | 1 1 
Curculionide | 24 2 1 7 6 3 13 
Scolytide 1] 2 | 1 1 
! 
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The material in Table I may be conveniently condensed as 
shown in the following table: 


TABLE II. 


PERCENTAGE OF SPECIES FOUND IN THE MAJOR COMMUNITIES. 








PERCENTAGE 





| | 

CoMMUNITY | SpEcIEs OF — 
OccuRRENCE | _— 

Total for sere 592 100 .00% | 243 
Beach community 242 40.87% 140 
Pioneer Cottonwood 50 8.44% | 140 
Pioneer Conifer. 23 3.88% 140 
Pioneer Oak... 249 42.06% | 140 
Sub-climax. 183 30.91% 29 
Climax 192 32.43% 36 





From the above tables we find that the pioneer conifer 
associes has the smallest beetle fauna. Among the deciduous 
communities, the pioneer cottonwood associes has the fewest 
species, and the apparent peak comes in the black oak associes. 
This, however, is probably not true, as a comparison of each 
community with the number of field trips indicates. On this 
basis we see that if 140 trips were made to each deciduous 
community the peak would come in the subclimax, and the 
communities of beetles, arranged in the order of increasing 
number of species, would be as follows: cottonwood, black oak, 
climax, sub-climax. This is in accord with Shelford (1913, 
p. 247) who found the greatest number of species of animals 
in the sub-climax communities, 

Taking the total number of species of beetles for each 
community, it is interesting to note a differential distribution 
by species. Such a distribution through the upland forest 
sere indicates that each community has a well defined beetle 
fauna, and consequently suggests seral succession. 

That such succession exists can be further shown in a num- 
ber of ways. 


SERAL SUCCESSION INDICATED BY INDEX SPECIES. 


It is convenient to indicate seral succession by means of a 
few species, rather than by treatment of each community at 
length. At least three ecological concepts of index species 
have been developed with respect to community study: 
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1. PREDOMINANT SPECIES. This has been recently 
developed by Shelford and his students, and due to its many 
categories, requires, presumably, a great amount of data on 
the ecological interrelationships within a community. This 
method is not used here as the data gathered are not sufficient, 
in the writer’s opinion, to accurately place the species studied. 

2. CHARACTERISTIC SPECIES. We may cite the following 
species of Coleoptera as characteristic for the major com- 
munities studied: 

The Beach Complex.—This has been described by Shelford 
(1913) among others and for our purposes falls into two cate- 
gories: first, those species inhabiting the sandy areas of the 
beach and foredunes, merging into the bare sand areas of the 
cottonwood associes; secondly, the beach drift. The beach 
drift will only be mentioned here as its treatment logically 
belongs in another category, viz. that of seasonal succession. 
The species of beetles inhabiting the bare sand areas of the 
beaches are generally few in number, are addicted to hiding 
beneath logs and stones or burrowing in the substratum, and 
frequently are light in color. They are usually carnivorous. 
We may mention here the diurnal, predaceous tiger beetles, 
such as Cicindela repanda Dej., C. cuprascens macra Lec., 
and C. lepida Dej. treated by Shelford (1913); the nocturnal 
carabid, Geopinus incrassatus (Dej.), which has been observed 
by Chapman and his colleagues (1926); and the small, pale 
anthicid, Amblyderus pallens (Lec.). 

The Pioneer Cottonwood.—We may mention here, as charac- 
teristic forms, the cottonwood cerambycid, Plectrodera scalator 
(Fab.); the leaf beetles of the cottonwood and willow foliage, 
as Lina lapponica (Linn.), L. scripta (Fab.) and Disonycha 
quinquevittata (Say). 

The Pioneer Conifer.—More time is needed for a better 
evaluation of this sand dune community, but we may mention 
as characteristic the bark beetle, Ips grandicollis (Eich.). 

The Pioneer Black Oak.—A great many species could be 
noted here, however a few will suffice, e.g. adults of Cincindela 
scutellaris lecontet Hald., the ground beetle, Carabus serratus 
Say, often taken under sod at the base of Quercus velutina 
during the day, and probably hibernating in the forest floor of 
this community; the spiderwort leaf beetle, Lema collaris 
Say, and the dogbane leaf beetle, Chrysochus auratus (Fab.). 
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The Subclimax Mesophytic Forest—Here, for general pur- 
poses we can combine the flood-plain silt climax and the oak- 
elm-hickory upland associes. Again many species could be 
given, of which we may mention the ground beetle, Carabus 
maeander Fisch., taken about the soft sod at the base of elm, 
ash or hickory and hibernating in situ. Platynus affinis (Kby.), 
and many Chlaenius, such as C. aestivus Say, roam the floor by 
night and are found under logs and stones on moist soil during 
the day usually; often grouped together, and frequently the 
same carabid species being taken in a certain habitat niche 
time after time, although other, apparently similar situations 
are untenanted nearby. 

The Climax Associations —As will be shown at another 
time, a number of characteristic species occur in the climax 
communities. Here occur a large majority of mycetophagous 
Coleoptera and others associated with fungi in varying degrees 
of complexity. A great many species inhabit these communities 
during the winter months, also, coming in and occupying 
hibernacula in the floor. Among those species characteristic 
of the climax is the green tiger beetle, Cicindela sexguttata 
Fab. which hunts by day, spends the nights under logs or 
elsewhere on the floor, and hibernates beneath bark, etc., the 
snail-eating carabid, Sphaeroderous lecontei (Dej.), the minute 
cryptophagid, Tomarus pulchellus Lec. of the leafy floor debris, 
and the tortoise leaf beetles, as Chirida guttata (Oliv.), Metriona 
bivittata (Say) and M. purpurata (Boh.) which also move into 
the floor from higher strata at the approach of cold weather. 

Thus we have, as might be expected, species which represent 
each well defined upland forest community. Such species 
may or may not be abundant, and may occur elsewhere, but to 
the ecologist, characterize the community as surely as would 
the dominant vegetation. 

3. UNIQUE, OR PECULIAR SPECIES. Many characteristic 
species tend to occur in one type of community only, limited 
by some requirement of food usually, or of reproduction possibly. 
Thus we may mention the cicindelid, Cicindela lepida Dej. 
of the beach complex, the cerambycid, Plectrodera scalator 
(Fab.) of the cottonwood associes, Cicindela sexguttata Fab. 
of more mesophytic floors among many other examples. 

Obviously peculiar species may often be characteristic for a 
community but occasionally are so rare or obscure that they 
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are seldom seen. Again, it should be recalled that peculiar 
species are often peculiar to a special food or habitat niche 
rather than the community as a whole and consequently are 
introduced into other communities with the transfer of their 
niche by accident or through economic agencies. 

An analysis of the data on 592 species and varieties of 
Coleoptera gives 22 species as occurring only in the cottonwood 
associes, 5 species found only in the conifer associes, 131 species 
restricted to the black oak and oak associes, and 73 species 
peculiar to the mesophytic climax associations. These figures 
drawn from a study covering 81 months only suggest the 
general outlines of the beetle sere. Further study would give 
additional peculiar species, and also show many of our so-called 
peculiar forms to be found commonly elsewhere. More time 
spent on this phase of the survey would probably yield higher 
numbers of peculiar forms and correct for those whose records 
are due to chance wandering, and whose proper habitat is 
elsewhere. This would be especially true for the pioneer conifer 
associes. It is fully recognized that there are all degrees of 
distribution between these ‘‘peculiar’’ species and the wide- 
ranging forms which occur throughout the sere, e.g. the ground 
beetle, Galerita janus Fab., and the small staphylinid, Erchomus 
ventriculus (Say), which may be taken in any or all of the 
communities, the former on the floor under objects by day, 
active by night and passing the cold months beneath hark; 
the staphylinid occurring beneath bark of practically all of 
the trees of the forest, generally in the earlier stages of log 
succession, especially between loose bark and moist sapwood. 

There are a number of factors which tend to materially 
alter the normal fauna of an associes: (1) the inevitable stray- 
ing of species from their normal ranges, whether involuntary or 
driven by winds, etc. This applies especially to the cottonwood 
associes where its proximity to the beach complex raises the 
total number of species. (2) The distribution of dung-inhabit- 
ing, and coprophagous species, e.g. Sphaeridium scarabaeoides 
(Linn.), Onthophagus hecate Panz., Aphodius fimetarius (Linn.), 
A. distinctus (Mull.), Geotrupes splendidus (Fab.), and of 
carrion inhabiting and saprophagous species, e.g. Silpha inae- 
qualis Fab., S. noveboracensis Forst., species of Necrophorus, 
Histeride, and Staphylinide, throughout the entire sere. 
(3) The species which consort along moist margins of streams 


ae 
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and ponds, e.g. many species of Platynus and Chlaenius, many 
Bembidini, and those inhabiting meadow margins and secondary 
associes, as pastures, e.g. Badister pulchellus Lec., Calleida 
punctata Lec. and many Chrysomelide, etc. tend to swell the 
number of species of a forest community, notably aiong the 
tension zones or ecotones. 


II. SEASONAL SUCCESSION IN THE CHICAGO AREA. 


The present section will attempt to show seasonal succes- 
sion of Coleoptera in the Chicago area throughout the year, in 
addition to certain special aspects of seasonal activity. 

The average ecological year may be broken conveniently 
into at least two periods, that is, the late autumn-winter- 
early spring period, and secondly, the late spring-summer- 
early autumn period. In the former the foliage is scanty or 
absent in the deciduous communities, the mean temperature is 
low, and the daylight intensity is low but the floor illumination 
is relatively high due to the small amount of shade. In the 
second, period, the amount of forest floor shade is greatly 
increased in the deciduous communities, the daylight intensity 
has increased, the mean temperature is higher, and there is a 
relative increase in the length of day over night, to mention 
only a few differences. With these changes there is an equally 
sharp change in the distribution and behavior of beetles inhabit- 
ing such an upland forest sere. 

The same general condition is found if the four seasons are 
considered. However, in this case the spring (or period of 
foliation, of emergence from hibernation, and the beginning 
of migration) is in sharp contrast with the autumn (or period 
of defoliation, and of entering into hibernation). Thus the 
average ecological year presents four well defined seasons, with 
the vernal ‘and autumnal periods of activity altering the aspect 
of the average cycle, e.g. the cycle in deciduous forests which 
have as their relatively static phases the presence and absence 
of leaves. 

By breaking the seasons into months, we find that there is a 
regularity of beetle distribution throughout the year, but 
certain forms occur regularly certain months, or in certain 
definite fractions of a given period. The result is a regular 
succession of beetles as well as a rise and fall in the numbers of 
individuals of a species. 
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TABLE III. 


SEASONAL DISTRIBUTION OF FAMILIES, BASED ON RECORDS OF 
ACTIVE SPECIES OF COLEOPTERA. 


















































FaMILy TOTAL Jan. | Fes. |Mar. | Apr. | May | June | Jury |Auca. | Sep. | Oct. | Nov. 
SPECIES 
Cicindelide 11 3 7 4* 5 5 4 
Carabide 122 1 14 37 65 56 40 36 39* 28 1l 
Hydrophilide 1 1 1 1 1 
Leptinide 1 | \ 1 
Silphide 12 | 3 4 " 4 5 2 
| | 
Orthoperide 1 1 1 
Staphylinide 34 os 15 22* 10 7 3 4 7 2 
Clavigeride : © | 1 
Scaphidide 4 || | 1 2 1 1 
Histeride 16 || 3| 5/10] 0] 2| 5] 1 
Lycide 2 1 2 
Lampyride 4 | | 1* 1 4 2 1 1 
Cantharide 13° || 2 8* 4 3 
Melyride 4 | 1 1 2 2 
Cleride 7 1 3 4 1 
Corynetide 3 | 1 1 1 1 
Oedemeridz 2 1 2 1 
Mordellide 14 | 7 10 4 
Meloide 3 | | 2 1 1* 1 
Pyrochroide 1 | 1 
Pedilide i 5 | 3 2 1 1 
Anthicide 1 | 1 1 
Elateride 22 | 1 9 9 3 5 3 1 2 
Eucnemide 2 | 1 1 
Buprestide 12 | | 1 3° 8* 2 1 
Helodide } 2 |i 1 1 1 1 
Dermestide 4 | | 3 1 
Byrrhide 1 | | 1 
Ostomidz mm 1 2 
Nitidulide 2 || } 3 5 4 3 3 3 3 1 
| | 
Monotomidze | . | | 1 1 
Cucujide | 10 | ; 2 6 4 2 3 3 1 
Erotylide 9 | | | 2 i; g* 5 1 
Cryptophagide || 8 | | 1 5* 8* 2 : 2 
Mycetophagide 2 | 1 1 1 1 
Colydiide s | 2 2 1 1 
Mycetaeide | 3 | 1 1 
Endomychide 2 PowZ 1 
Coccinellide | 23 1 8 13 4 ll 13° 5 8 4 
Alleculide | 5 | 2 4 
Tenebrionide 11 | 1 5 7 3 5 2 1 1 1 
Melandryidz 7 | 2 2 3 3 1 1 
Lyctide | 1 1 
Ciside 1 | 1 
Scarabaeide \| 40 2 6 16 21 10 6* | 12 2 1 
Gennes Tt stseeis 3 nipconeneale hianieanniebinmnieds esas 
Trogide 4 1 1 3 1 
Lucanide 4 2 3 1 2 1 1 
Passalide 1 | 1 1 1 
Cerambycide 39 | | 1 18* 19* 9 5 
Chrysomelide || 90 | 8 | 15 | 40°} 39°] 37*| 27*) 12 | 11 4 
Mylabride | 1 | 1 
Brentide | 1 || 1 1 1 
Curculionide 24 «Ci 1 4 7 8 7 10 9 1 2 
Scolytide | 2 | 1 1 








* Observed in copulation. 
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It is further found that an assemblage of species, e.g. a 
family, may in some cases follow a definite cycle of activity, 
that is, a period of low activity in which the species are hibernat- 
ing, or have otherwise disappeared and few or none are active. 
This is followed by the gradual and regular appearance of 
species, one after another, together with a gradual increase in 
individuals. This increase in activity to a peak occurs with 
many species in the spring or summer, but in some in the 
autumn, e.g. many lampyroid and cantharoid species and 
certain of the Meloide. Finally the number of active species 
grows fewer or even disappears entirely, as the individuals 
migrate, die or go into hibernacula at the approach of cold 
weather. Such a rhythmic distribution is indicated for the 
Coleoptera in the Chicago area in Table III. 

In Table IV the number of active species appearing each 
month is given, and their percentage values with respect to 
the total number of species available with seasonal data. 


TABLE IV. 


SEASONAL DISTRIBUTION OF SPECIES OF ACTIVE BEETLES IN THE CHICAGO AREA, 
AND PERCENTAGE VALUES. 





Jury | Aue. Sep. | Oct. | Nov. | Dec. 

















| 
Tortat Species JAN. Fes. | Mar. | APR. | May | JUNE 
ee 3 | 43 | 145| 238] 235| 222| 146] 11] 70| 32] 15 
100.00%..... 499 | 7 | 22 | 39 | 38.5 | 36.3 | 29.3 18.1| 11.4] 5.2] 2.4 





These figures give a regular curve (Graph I, A) which tends 
to show the maximum during May. Such a peak suggests a 
possible close correlation with the development of foliage, e.g. 
food plants, rather than with such factors as temperature, 
daylight intensity or relative length of day over night, humidity 
and other factors reaching their maxima later in the year in 
this region. The maximum number of species appearing in 
May apparently represents an optimum of a number of factors, 
however, including a larger amount or variety of freshly 
developed foliage, and a favorable range of temperature and 
humidity. To this list daylight intensity may need to be 
added as a direct factor, as well as a factor influencing leaf 
development and modifying temperature and humidity changes. 

These data certainly indicate regular seasonal distribution 
in beetle sere, as has been shown by Fritsch (1851, a, b) for 
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Coleoptera in the vicinity of Prague, and by other later investi- 
gators. 

The Beach Drift as a Seasonal Calendar.—Seasonal regularity 
under normal conditions is well known for organisms in general, 
and in this report any community studied (save the pioneer 


ee 
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GrapH I. Seasonal Distribution of Active Coleoptera in the Upland Forest Sere 
of the Chicago Area, based on data collected for 81 months, from April, 1922, 
to December, 1928, with the seasonal distribution of various factors for the 
same period where possible. 
Seasonal distribution of active species. 4 
Mean monthly temperature for Chicago (1926, 1927, 1928). Courtesy ; 
of the University Observatory and Chicago Weather Bureau. 
Mean monthly relative humidity for Chicago (1926, 1927, 1928). 
Courtesy from above stations. 
Radiant energy in gram-calories. Courtesy from above stations. 
Percentage of Field Trips taken each Month. 
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conifer associes) could be used to show the advance-in the 
monthly cycle. The beach complex is especially adapted to 
our purposes however, since it is highly concentrated within a 
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limited area, and we have found the beach drift to be a bio- 
logical calendar in consequence of this periodicity. 

Thus a part of the fauna is blown into the lake (Lake 
Michigan) and eventually aids in the formation of the lower 
beach drift, often a few days after its appearance in its regular 
habitat. In the drift it becomes the prey of other species 
living on the beach, and seeking the living or dead organisms 
as a part of their daily economy, e.g. some Carabidz, Staphy- 
linide, Silphida, Histeride, Nitidulide, Trogide, Scarabaeide, 
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GrapH II. Seasonal Distribution of (A) Active Coleoptera in the Upland Forest 
Sere (all the data for 81 months), and (B) Active Carabide in the Lower 
Beach drift of Lake Michigan, based on two field trips per month from March 
to October. 


etc. The biocoenose of the drift has been investigated previous- 
ly by a number of workers (Wheeler, 1887; Needham, 1900, 
1904, vars Snow, 1902; Herms, 1906; and Shelford, 1913, 
pp. 218-221) and needs no further general treatment here. 

In the following table the monthly appearance of the species 
of Carabidz in the lower beach drift of Lake Michigan along 
the sandy depositing shores between Tremont and Miller’s, 
Indiana is given. This family is chosen for its large size, and 
abundance of drift inhabitants, forming a majority of species 
known to occur in this community (Table II) over the 81 
months of observation. Of the trips taken to the beach drift, 
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the two trips yielding the maximum number of species for 
each month, from March to October (inclusive) were selected, 
so that the number of trips each month would be constant. 
The average period of collecting and of observation of the 
biocoenose was between 12 noon and 2 P. M. 


TABLE V. 


SEASONAL DISTRIBUTION OF ACTIVE SPECIES OF CARABID IN THE 
Lower Beacu Driv. 



































Torat SPECIES Marcu | APRIL May | JUNE JuLy AvuGust Sept. Oct. 
PE ciinssseesincn 3 10 42 21 22 8 13 6 
100.00%.......... | 24 8 33.6 | 168 | 17.6 | 64 10.4 | 4.8 


These data are comparable to the seasonal distribution data 
for all of the active species of Coleoptera of the upland forest 
sere (Graph I), and the two curves are plotted (Graph II) 
to show their similarities. 

It will be seen that the curves in this second graph are very 
similar in the spring (March to May) and in the autumn 
(September to October) and in both the maximum number of 
active species, whether for all the families of the entire sere or 
the Carabide of the drift, is present in May. The summer 
season shows a regular drop in the appearance of active species 
for the entire forest sere and an irregular drop for the Carabide 
of the beach drift. Such irregularities may very well be a 
consequence of the vagaries of collecting. However, the uneven 
summer curve may be due to wind action, preventing the 
proper accumulation of drift along the shore; or to a biological 
rhythm. 

With regard to the peak in May, the maximum foliation is 
reached later in the year, as will be shown in a later paper, 
and consequently when the majority of species emerge in May, 
foliation is not at a peak and there is less food for the herbivores 
and less shelter. Such a condition may cause a period of 
aimless wandering. If this is true then many species would 
tend to appear in the drift, or again, the lack of shelter may 
expose them to winds, and eventually force many into the 
lake and finally into the beach drift. 

Further data show the beach drift to be of value even as a 
species calendar to a certain extent. Data accumulated on 
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actual occurrence of species can not be given here due to lack 
of space. Suffice it to say that in general, the species inhabiting 
the forests of the dune sector are regularly represented in the 
drift, in many cases shortly after appearing in their regular 
habitat. 

The Evidence from Data on Hibernation.—In many species 
there is a hibernation rhythm which tends to swell the popu- 
lation of forest floors offering protected hibernacula, such as 
the more mesophytic associes and climax associations. This 
influx begins in the late autumn, and corresponding depopu- 
lation takes place in the following spring. Whether due to 
the inherent character of these forest associes, or to their 
increasing distance from wind and subsequent sand blast action 
associated with Lake Michigan, or a combination of both, the 
number of hibernating species of beetles increases with the 
increase of distance from the lake. However, from the seral 
point of view the specific composition of pioneer communities 
changes with the onset of hibernal conditions, and there is a 
tendency to level out the different community curves. This 
change in seral character is, in part at least, as expression 
of seasonal succession, and at this point seral and seasonal 
succession are inevitably combined. Holmquist (1926, p. 406) 
finds this to hold for hibernating arthropods in general, ‘‘The 
distribution of the species of the various forest associations 
seems to show a great deal of over-lapping, and a breaking down 
of boundaries between the various summer associations due to 
the fewer number of limiting factors and to their more cosmo- 
politan distribution in the various ecological associations.” 

Thus in the cottonwoods, the shallow leaf covered depres- 
sions, and the more protected floor around the bases of trees 
are scantily protected. These habitat niches, or the rare 
occurrence of dead trees in the early stages of decay, are used 
for hibernacula. In the conifers the floor is protected by some 
humus and a continual fall of needles which tend to mat so 
that they are not readily blown away. Again, the trees are 
more close together than in the cottonwoods and the distance 
generally from the lake is greater so that the cottonwoods 
and fore-dunes act as buffers. Decaying logs are more abund- 
ant, and these and the heavier humus increase the number of 
suitable hibernacula. In the black oak associes, and finally 
in the climax forest associations, these conditions are regularly 
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cumulative until in the latter the forest floor is well protected 
by a heavy, rich, moist layer of leaf mould and debris, and 
many species of Coleoptera move into these strata from other 
less suitable places or from different associes. Consequently 
there is, at the approach of cold weather, a vertical migration 
of species from the defoliated upper strata, and a horizontal 
movement into the floor from the more pioneer associes. 

That such a situation exists may be illustrated by the 
following data on a very few of our well known forms. One 
such group showing a biannual intercommunity movement is 
found in some of the Coccinellide. To mention one species, 
Ceratomegilla fusilabris (Mulsant) has been observed at intervals 
for the past four years and a summary of its distribution may 
be indicated as follows: 

Usually from the end of May to the middle of October the 
species is present in great numbers scattered over the herbaceous 
and shrub strata of the subclimax associes, especially along 
forest margins, and in meadow and secondary communities, 
e.g. pastures and gardens. It may be taken throughout the 
entire upland forest sere, as solitary individuals or in small 
groups gathered due to proximity of food, viz. hunting and 
devouring of aphids, etc. During this time it may occur in 
the beach drift, often present by thousands. 

As winter approaches the species becomes more scarce and 
solitary individuals actively hunting on foliage gradually begin 
to disappear. At the same time the species is found more 
abundantly in protected places. These latter, as would be 
expected, may be such secondary locations as the bases of 
orchard trees, garden walls, loose boards, etc., but in the 
upland forest sere the movement is into the more mesophytic 
forests on their floors or in the leaf mould, and along the margins 
of such communities. When winter sets in this lady beetle 
is found aggregated under leaves and debris of the subclimax 
and climax floors, often in gatherings of several hundred or 


more. 

The winter is passed by the majority of individuals of this 
species in this way. In late spring the aggregations are found 
nearer the surface of the floor and are more active. In the 
Chicago area April appears to be the critical month for emerg- 
ence. As early as April 6, gatherings on the floor of the climax 
maple association at Joliet, Illinois, just under the top leaves, 
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are common; 50% of the group may be moderately active on 
the surface leaves and debris, and 50% still buried in the leaf 
mould and relatively inactive. The animals become more and 
more restless, until by the end of April they are crawling actively 
over the floor and greening herbage, single or in groups of as 
high as thirty or forty individuals. By the middle of May, 
this species has spread and scattered over the upland forest 
sere, and adjacent secondary communities. It is now repre- 
sented by individuals, rather than aggregations, save for the 
forced gatherings in the lower beach drift. The drift records 
its presence in numbers by May 19, as a rule and the species is 
taken in this community through the summer and autumn, 
often represented by enfeebled individuals after the majority 
have moved into their winter hibernacula. 

The data so far are typical for C. fusilabris. Blatchley 
(1910, pp. 510-511) finds the species common throughout 
Indiana, and gives its seasonal range as “‘ January 12—Novem- 
ber.’’ He finds it ‘‘Gregarious in winter. During October it 
congregates beneath mullein leaves, etc. On several occasions 
I have found them in midwinter by the thousands, huddled 
together beneath piles of the stems of the larger ragweed 
(Ambrosia trifida L.) in the low bottom lands of the Wabash 
river.’’ Cook (1898, p. 117) finds Megilla vittigera and Hippo- 
damia ambigua ‘clustered, and thinks that ‘‘they cluster to pro- 
tect each other from the cold,” a view different from that held 
by many. Calvert (1899, p. 68) fide Conway, mentions 
coccinellide grouped on or in the ice, and Megilla (Cerato- 
megilla) and other coccinellids are well known for their gre- 
gariousness in cold weather; even in spring and summer (Hamil- 
ton, 1885; Schwarz, 1891, p. 169; Hawkes, 1920, pp. 484-5; 
Carnes, 1912; Van Dyke, 1919).. 

Without painful repetition of detail, similar data is at hand 
on coccinellids of similar habits, e.g. Hippodamia tredecimpunc- 
tata (L.), H. parenthesis (Say), H. convergens Guer., and Coccinella 
novemnotata Hbst., in addition to many species from other 
families, e.g. the chrysomelid herbivore Lema trilineata (Oliv.) 
which is found in winter either singly or in small groups with 
Ceratomegilla fusilabris, these two species often being associated 
during the hibernal season. Blatchley (loc. cit., p. 1111) 
finds L. trilineata frequent, throughout the state, from April 19 
to July 25, ‘‘Occurs on the foliage of various Solanaceous 
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herbs, especially that of potato .... Mating June 8.’ So 
that this species may be regarded as one not characteristic of the 
more mesophytic forests, but taking advantage of the pro- 
tected floor on occasion in winter. 

Over-wintering Aggregations in Coccinellide.—The tendency 
of many of our common species of coccinellids to collect, 
especially in winter, is well known and the phenomenon has 
been frequently observed as indicated by the few references 
already cited. However, observation of these gatherings, from 
the viewpoint of one interested in crowding physiology, is less 
common and since these over-wintering aggregations are 
further important as a consequence of seasonal activity, one 
such gathering will be taken up in some detail. 

On October 20, 1928, C. fusilabris was observed around the 
base of a Crataegus bush, some five feet high. The surface 
leaves were but sparingly inhabited by the beetles, usually in 
small groups of from four to five, or singly. Beneath this 
superficial layer, and throughout the rich, moist earth of the 
sub-climax oak-elm-hickory forest (New Lennox, Illinois) the 
species was present in great numbers. A square yard of this 
mould was selected for a rough census. On sweeping up one 
layer of this yard no beetles would at first be seen. In several 
seconds the beetles would appear, apparently making their 
way up from still deeper layers, until the square yard had been 
excavated evenly for six inches, that is, the census was made 
on the inhabitants of 7,776 cubic inches of floor. 

At this time of day (2:30 P. M.) the air was 20.5° C., in 
the sun, the floor surface 13.5° C., under this superficial leafy 
layer 14° C., and four inches into the mould 13° C., so that 
between 13° and 14° C., the aggregation was still moderately 
active. ° 

That this same area had been used previously, was .indi- 
cated by bleached and fragmentary portions of C. fusilabris, 
buried and scattered in the humus. 

The aggregation was composed of 9,808 individuals in the 
square yard excavated, or over one to a cubic inch, and many 
hundreds must have escaped during the period of excavation 
so that the total is a conservative one. This species forms a 
loose aggregation, and is ‘‘homodynamic”’ as to its character 


of hibernation after the terminology of Robaud, or exhibits 
of Holmquist (1928 a, p. 349). The 


” 


‘‘false hibernation 
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species is not essentially gregarious in the warmer months. 
On the breaking up of winter, and the appearance of aphids on 
the vernal foliage, it leaves its hibernacula and spreads out 
fan-wise over the surrounding region, so that its being found 
in numbers in the summer is probably due to a concentration 
of its prey. In winter its gregariousness is probably due to a 
complex of conditions, too involved to be readily explained by 
any one factor. The concentration in winter is thought to bea 
consequence of numerous individuals collecting at certain 
suitable niches, and hence crowding by late arrivals forms the 
over-wintering aggregation. This is essentially a ‘‘shelter 
aggregation’’ (Allee, 1927, p. 374), however other conditions 
may, and probably do, influence the extent and nature of the 
bunching. Thus Allee notes that (loc. cit., .374) ‘‘not all the 
apparently equally desirable space is occupied, so that the 
aggregation can not be entirely explained on the basis of unavoid- 
able crowding. In other cases Holmquist has been unable to 
find any environmental differences to account for the location 
of the hibernating aggregation. These groupings are partially 
under temperature control, but as with other phenomena con- 
nected with hibernation, the temperature control is incomplete 
and the problem of the exact nature of the casual factors 
remains open.’’ Holmquist (1926, p. 406) finds that ‘‘distri- 
bution of arthropods in winter seems to be determined chiefly 
by kind and amount of shelter and by moisture.” 

Shelter and moisture are probably important in the very 
loose over-wintering aggregation of the western Cicindela 
oregona Lec. (C. senilis Csy.) as described by Blaisdell (1912) 
where these predators abandon their solitary life at the approach 
of cold weather and burrow under flat rocks. Crowding forms 
a forced gathering under the latter, in a type of central chamber. 

Moisture is certainly an important factor in the more closely 
integrated over-wintering aggregation of certain species of 
Saprinus, especially S. rugifrons Payk., S. rubripes Erichs., 
and S. rugiceps Duft, as recorded by Spett (1925) at Kiew. 
These histerids occupy bare sandy patches devoid of vegetation 
in colonies numbering from 100 to 1000 for several square 
meters. The colonies are extensive and are limited largely to 
the upper 16 centimeters of sand. They remain in the sand 
for some eight months of the year, and their movements in the 
sand are largely vertical migrations in search of dry, warm 
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strata, hence weather conditions and time of year alter their 
activity. ; 

Similarly shelter, as a means of protection from the cold, 
and probably moisture play important roles in the over-winter- 
ing colonies of C. fusilabris. That all available space on the 
forest floor is not occupied is indicated by the fact that a 
control site of the same size and on an equally rich part of the 
forest floor fifty feet from the Crataegus-bush colony yielded no 
fusilabris. The first control, however, was not near any 
Crataegus. Other Crataegus bushes in the same community 
were examined, and the soil at their bases held no fusilabris 
colonies, and only a few scattered individuals of this species 
(several to a square foot), a condition often met with as the 
normal distribution in many areas. 

This aggregation of fusilabris of October 20 was. mixed or 
heterotypic, as also may be the case with the Saprinus colonies 
as noted by Spett (loc. cit.), and contained, in addition to 
Ceratomegilla, the following animals, however in great minority: 


Annelida (Oligochaeta), 5 Lumbricidze; Arthropoda (Araneida),* 
Attide—I1o”", 49 half-grown Phidippus audax, 1c, 19 Maevia vittata, 
Drasside—1? Zelotes ater, Clubionide—2o, 39 Clubiona canadensis? 
Anyphaena gracilis, | half-grown 9 ; (Isopoda), 5 Oniscoidea; (Coleop- 
tera) Coccinellida many Scymnus, 12 Psyllobora viginti-maculata (Say) 
2 Hippodamia tredecimpunctata (1..), 1 Cycloneda sanguinea (L), Cory- 
lophida—many, Lathridiidze 2, Cucujida—2 Telephanus velox Hald., 
Cryptophagidea—2 Tomarus pulchellus Lec., Chrysomelide—1l Lema 
trilineata (Oliv.); (Hemiptera)t Pentatomide—Ferihalus limbolarius 
Stal., Coreide—1 Catorhintha mendica Stal., 1 Corizus lateralis Say, 
Lygaeidee—M yodochus serripes Oliver, Miride—-Lygus pratensis Linn.? 





Light as a Possible Factor.—That the causes underlying the 
crowding physiology of such hibernating species (probably a 
form of ‘‘shelter aggregation’’ of Allee, 1927 b, p. 374) are 
complex, and interdependent, is suggested by the following 
observations in which light may prove to be one of the casual 
factors. 

Some aggregations of hibernating beetles have marked 
responses to change in light intensity. Thus, a number of 
over-wintering Ceratomegilla fusilabris were brought into the 
laboratory and placed in a constant temperature cabinet and 


*Determined by Dr. Sewall Wright, University of Chicago. 
tDetermined by Mr. William J. Gerhard, Field Museum of Natural History. 
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the temperature lowered to 10° C. This drop in temperature 
was accompanied by a gradual cessation of activity. From 
October 22 (8:30 A. M.) to October 25 (9:35 P. M.) the tem- 
perature was held at 6.5° C., and the beetles were inactive at 
this temperature, e.g. were in a dormant state approaching 
that of the sluggish, hibernating individuals. 

At a temperature of 23.5 C. (approximately 74 F.), the 
laboratory animals were positive for daylight and for light 
from a 60 Watt Mazda lamp acting at two feet. At this 
temperature they were active, crawling rapidly or flying fre- 
quently, and if liberated would fly towards the light or the 
windows. In short, their behavior was that found in late 
spring and early summer months. 

At approximately 10° C. the species tended to become 
photo-negative and the individuals gave a digging response 
which may indicate that under similar conditions of the normal 
habitat, they would tend to fly to the dim, mesophytic floors 
and burrow into the mould. The relative values of shelter, 
temperature, light, moisture and gravity obviously belong to 
experimentation of the most exacting nature. Weiss (1913), 
working on the tropic response of Ceratomegilla fusilabris 
(Megilla maculata) thinks that colonial hibernation in this 
species, in winter, is a consequence of a complex of ‘‘tropic 
stimuli,’’ and congregation in large numbers may be due to 
chemotropism (p. 85). “A lowering of the temperature as 
winter approaches with a corresponding decrease in food 
supply undoubtedly renders them exceedingly susceptible to 
chemotropic stimuli. With Megilla maculata, there is no 
evidence at present that anemotropism plays any part in the 
selection of the hibernation quarter. Once in the place of 
hibernation, they become positively thigmotropic and negatively 
phototropic.”’ 

The experimental results of Weiss (loc. cit.) on fusilabris 
are closely comparable to my own on hibernating individuals of 
the same species, and especially point out the possible role of 
light in the elicitation of the hibernation response. Many 
observers, e.g. (Holmquist, 1926, 1928 a, b) have found tem- 
perature an undoubted factor, which is further indicated for 
fusilabris by the work of Weiss and the results presented here. 
Weiss thinks chemotropism and decrease in temperature the 
factors causing this coccinellid to seek its hibernaculum. How- 
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ever, it is probable that once the site is reached, other factors 
such as relative humidity and relative degree of moisture as 
well as a lowering of the threshhold for contact, becoming 
positive for gravity or negative for intensity of daylight within 
a certain range, must determine the conduct of the animals. 
Thus light may be of primary importance in causing a species 
to bury itself in the mould of a forest floor, an impelling factor 
playing an important part after temperature and other factors 
had served to bring the animal to a given habitat. 

Similarly, as the soil grows warmer and moister in the 
spring season, the animals become active accordingly as their 
rate of metabolism rises. Such an increase in activity is 
noted here for fusilabris, and is a well known phenomenon. 
Spett (loc. cit.) notes the marked increase of activity in the 
over-wintering colonies of Saprinus at the approach of warm 
weather. But this increase in activity is not sufficient to cause 
fusilabris to emerge from their floor or under-bark hibernacula, 
unless the beetles tend to follow a moisture or a temperature 
gradient of the soil. Once on the surface, the intensity of 
daylight, falling through the scantily shaded forest canopy, 
may play an important part in causing the aggregation to 
break up and crawl or fly to warmer or more illuminated 
areas, e.g. the forest margins or open secondary communities. 
Again we note that given the skein of observational data, the 
ultimate solution rests with experimentation. 

It is interesting to observe that hibernation is the ecological 
equivalent of migration in many species, and the recent work 
of Rowan on relative length of day and night as an important 
factor in the migration of some birds (Rowan, 1925, 1926, 1927; 
Allard, 1928) may play a part in the hibernation of other species 
of animals. Allard (loc. cit.) in connection with Rowan’s 
photoperiodism, mentions (p. 406) that the ‘‘common May 


beetles (Phyllophaga spp.) not alone fly into our lights, but 
they may under certain conditions show the same tropistic 
light response toward brilliant twilights of the summertime. 
Duplication of Rowan’s work on a smaller scale with such 
forms as the Monarch butterfly (Danaus archippus) which are 
known to have a migratory rhythm should yield data on the 
general problem. 


” 
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SUMMARY. 


In summary, it may be said, despite many influences at 
work, it is readily seen that a beetle sere exists which cor- 
responds to the upland forest sere in the Chicago area, whether 
the species are arranged according to total distribution of 
species or individuals, or by characteristic and peculiar forms. 
It is probable that a combination of all three points of view are 
necessary to obtain even a moderately accurate picture of the 
beetle distribution in a given community. 

There is a definite seasonal succession throughout the year 
in addition to seral succession. 

This seasonal periodicity however is dependent upon various 
conditions for its expression, and is shown in condensed and 
abbreviated form by the beach drift of Lake Michigan, viz. 
the drift can be used as a rough biological calendar given 
sufficient data on its population. 

Again, hibernation is seen as a rhythmic seasonal occurrence 
in certain species, and the over-wintering of certain forms is 
discussed. 

Although it is recognized that hibernation is a complex 
phenomenon in which many factors are operating, it is suggested 
that daylight intensity or possibly the relative length of day 
and night may play a part in this obscure and recurrent con- 
dition. 
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THE MORPHOLOGY OF THE REPUGNATORY GLANDS 
OF ANASA TRISTIS DE GEER.* 


DELBERT L. Moopy, 
Department of Entomology, Iowa State College. 


INTRODUCTION. 


The property of some Hemiptera, more especially the 
Pentatomide and Cimicide, of emitting an offensive odor when 
disturbed or injured has been known for many years. The 
first record of the source of the secretion which produces this 
odor showed it to be a gland in the ventral part of the meta- 
thorax opening to the exterior by ducts on either side in front 
of the hind coxe. Later it was found that similar glands in 
some of the dorsal segments of the abdomen of the nymphs had 
the same property but upon molting to the adult stage these 
glands disappeared and were apparently replaced by those in 
the metathorax without any change in function. 

Because of this interesting change in position of the repug- 
natorial glands in the immature and adult stages of some 
Hemiptera, the writer has undertaken to work out in some 
detail the morphology of these glands in the nymphal and 
adult stages and to determine the relation of the abdominal 
glands in the nymph to the metathoracic gland in the adult. 

The squash bug, Anasa tristis De Geer was chosen for this 
work because of its abundance, rapid reproduction over a long 
period and its convenient size. The morphology of the repug- 
natorial glands in this insect had not been investigated although 
the life-history and external anatomy have been thoroughly 
studied. 


REVIEW OF LITERATURE. 


In reviewing the literature no paper was found dealing 
specifically with the repugnatorial glands of Anasa tristis De 
Geer and where scattered references were made in any paper 


*The writer is greatly indebted to Dr. W. H. Wellhouse, under whose direction 
this research was taken, for suggestions and encouragement in carrying on the 
investigation, and to Dr. H. H. Knight, with whom the work was continued in 
Dr. Wellhouse’s absence. 
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the subject was dismissed with a few sentences. Some work of a 
general nature, however, has been done on repugnatorial glands 
in other species of Hemiptera. 

Leon Dufour (1833) published the first account of repug- 
natorial or stink glands in the adult stages of Hemipterous 
insects, but Kunckel (1866) was the first to observe the presence 
of stink glands in the dorsal surface of the abdomen of the 
nymphs of certain Hemiptera and that these dorsal glands in 
the nymphs atrophied during the last instar and were replaced 
by metathoracic glands in the adult. Kershaw (1907) in 
studying the life-history of Tessaratoma papillosa Thunberg 
discovered that the dorsal glands in the nymph remained in the 
cast skin as two soft yellow sacs enveloping a yellowish fluid 
which had the same characteristic odor of the metathoracic 
glands in the adult. 


DISCUSSION. 


GLANDULAR APPARATUS IN THE ADULT. 


Source of Secretion. 


When one picks up a squash bug he is usually struck with a 
rather sharp odor suggestive of amyl acetate. The source of 
this odor is an oily liquid which is discharged through an 
opening on each side of the metathorax between the coxe of 
the middle and hind legs (Plate II, Fig. 4). The opening, 
termed an ostiole, is situated at the outer end of a chitinized 
duct or vestibule (Plate V, Fig. 2), which is connected at its 
inner end with a sac that acts as reservoir for the liquid secreted 
by a pair of glands which empty into it. These glands consist 
of a mass of glandular tissue partly surrounding the reservoir 
and in intimate contact with it (Plate I, Fig. 2). 


Position of Reservoir and Metathoracic Glands. 


The reservoir is situated mainly in the ventral part of the 
metathorax below the digestive tract, but the posterior part 
extends into the first two segments of the abdomen (Plate I, 
Fig. 2). The glands in the adult are located in the anterior 
part of the metathorax the greater part of them lying above 
the anterior portion of the reservoir and its ducts (Plate V, 
Fig. 2); each gland extends caudad around the sides of the 
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reservoir for about a third of its length. The cephalic parts 
of the glands meet in the median line of the body over the 
anterior part of the reservoir and reach anteriorly as far as 
the posterior edge of the mesothorax where they lodge against 
the large tergo-sternal muscles. They are separated laterally 
from the body wall by the coxal muscles and a layer of adipose 
tissue. 

The reservoir lies directly beneath the alimentary tract, 
being completely hidden by it when the internal organs are 
viewed from above. In the female the ovaries are located above 
and laterad of the sac, the terminal filaments extending forward 
beyond it into the mesothorax. In the male the testes are 
situated in a latero-posterior direction to the sac between it 
and the body wall and do not extend as far forward as the 
ovaries. In the breeding season the testes are enlarged and 
extend along the sides of the sac for one-third of its length. 
The gastric caeca, which are quite large in A. tristis, lie above 
the sac on either side of the mid-intestine in the male but the 
ovaries are between them and the sac in the female. The 
anterior part of the reservoir including the ducts is covered by 
the metathoracic gland. The glands extend around both sides 
of the sac and the anterior parts of them curve down over the 
cephalic part of the reservoir. The ventral nerve cord passes 
around the sac on one side or the other above the duct but 
under the main part of the reservoir (Plate I, Fig. 2). Beneath 
the reservoir the body wall extends up into the body cavity 
in the form of a high transverse ridge formed by the junction 
of the metathorax and the first segment of the abdomen. 
Upon the ridge the sac rests while the space posterior to the 
ridge between the sac and the ventral abdominal wall is filled 
with a layer of adipose tissue. In addition to the ventral nerve 
cord there are three pairs of nerves arising at the ventral 
thoracic ganglion and passing around each side of the sac be- 
tween the gland and the main part of the reservoir. 


Location and Description of External Orifice and Vestibule. 


The external orifice in the adult is located in the metathorax 
between the epimeron and the episternum on a line with the 
third coxal cleft (Tower, 1913). It is slightly caudad and 
ventrad to the posterior thoracic spiracle (Plate IV, Fig. 5). 
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The orifice or ostiole consists of an ovoid slit surrounded 
by an extension of the body wall which forms a corneous 
ring around the opening. On the anterior side this ring is 
expanded into a flattened disk which narrows abruptly on the 
caudal side to form a ridge which extends toward the third 
coxa and forms a continuation of the coxal cleft. Starting 
from the dorsal side of the disk is another ridge extending 
around the other side of the orifice to join the first ridge and 
forms the other side of the coxal cleft. The disk and the 
ridges, termed the ostiolar peritreme, are yellowish in color 
being much lighter than the surrounding body wall. The 
surface of the ostiolar peritreme and the body wall for a distance 
of about .3 of a millimeter from the ostiole are very finely 
granular. This same area around the peritreme is also rugose. 
Setz, much smaller and more erect than those on the body wall, 
are sparsely scattered over the peritreme and the granular area 
around it. The inside of the ostiole expands out somewhat 
to form the vestibule (Plate V, Fig. 2), a chitinous duct which 
leads into the reservoir. 

The ostiolar peritreme at its greatest length measures .83 
millimeters and at its greatest width .70 millimeters. The 
ostiole is .43 millimeters long and .21 wide. There is some 
slight variation in different individuals but the above figures 
give the average dimensions. 

The vestibule is a barrel shaped chitinized duct leading 
from the ostiole on the outside to the duct of the reservoir 
(Plate III, Fig. 2). Its average size is .77 millimeters long 
and .34 millimeters wide. In cross section the vestibule is 
oval in outline, the long axis being parallel with the long axis 
of the body. The internal surface is resolved into deep grooves 
which run lengthwise of the vestibule. Directly in front of 
the opening of the duct in the reservoir and following along 
the anterior side there is a smooth area extending to the ostiole. 
This smooth area is curved posteriorly so that it approaches 
the ostiole at an obtuse angle and as a result of this curve the 
spray is discharged in a latero-posterior direction from the 
body. The internal surface has the same granular appearance 
as the ostiolar peritreme and the area surrounding it in the 
adult. The vestibule is constricted at both ends thus giving 
it the barrel shape. 
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Description of Reservoir and Metathoracic Glands. 


The reservoir is a sack-like organ, orange in color and 
roughly heart-shaped in outline, with the pointed part extending 
posteriorly. On the ventral side of the anterior end of the 
main part of the sac there is a slight constriction (Plate I, 
Fig. 2) beyond which the reservoir widens out laterally to 
form two ducts which lead up to and connect with the chitinous 
vestibule. Incorporated in the surface of the sac are many 
small transverse ridges which present a wrinkled appearance to 
the surface. This wrinkled appearance is much more pro- 
nounced when the amount of fluid in the reservoir has become 
depleted. 

When the reservoir is full of liquid its average length is 
about 3 millimeters and its width 2.5 millimeters in the mature 
adult. There is a great reduction in size of the sac after an 
ejection of the fluid, although in no case was the sac found to 
be totally collapsed. 

The metathoracic glands consist essentially of two masses 
of tortuous convoluted tubes among which tracheal branches 
ramify abundantly (Plate II, Fig. 1). The tubes, which are 
circular in cross section, have approximately the same dimen- 
sions ranging between .45 and .55 millimeter in diameter. 
The tissue is white in color and granular in appearance when 
highly magnified. It differs from adipose tissue in form and 
color. The adipose tissue is greenish and composed of lobes 
while the glandular tissue is tubular and white. The tubes 
composing the gland are very close together and are grouped 
around a small duct (Plate III, Fig. 2-d.g.) which empties into 
the reservoir near the mouth of its duct. The duct of the gland 
is very thin and membraneous in nature resembling somewhat 
the chitinous intima of the reservoir. 


Tracheation of Reservoir and Metathoracic Gland. 


The main oxygen supply to the reservoir is received from 
two large tracheal branches, one bringing air to the sac from 
each side (Plate I, Fig. 2). These tracheze arise from the 
first abdominal spiracle on each side and pass down the sides 
of the body wall to the sides of the reservoir where they attach 
a little posterior of the center of its lateral side. At this point 
each trachea divides into three smaller branches one of which 
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supplies the anterior part of the sac and its duct; another 
continues in the same direction as the main branch and supplies 
the median ventral part; the third passes caudad and supplies 
the hinder portion. There is no tracheal supply whatever to 
the dorsal surface of the reservoir. As far as could be determined 
the tracheze connected only with the wall of the sac and did 
not pass through to the chitinous intima beneath. Since 
there is no muscular attachment to the reservoir, the large 
tracheal connections at the sides may serve as a partial support 
to it. 

The metathoracic glands are more abundantly supplied with 
trachee than is the reservoir. The main branch furnishing a 
metathoracic gland with oxygen comes from the posterior 
thoracic spiracle (Plate I, Fig. 2). This branch enters the 
gland from a cephalo-lateral direction and divides into two 
parts one of which passes anterior to the gland across the 
thorax to meet a similar branch from the other side of the 
body; the other divides again, one branch going to the hind 
coxa and the other to the lateral side of the gland. From the 
branch which crosses the thorax three branches come off that 
go into the anterior part of the gland. These three branches 
supply the greater part of the gland with oxygen. It will be 
seen that since there are four large trachee which supply the 
gland an abundant amount of oxygen is assured. 


Attachment of Muscles. 


The number of muscles connected with the glandular 
apparatus in the adult is much less than that of the nymph. 
In the adult squash bug there are only two pairs of muscles, one 
of which is much larger than the other, connected with the 
glandular apparatus. These muscles serve to operate the 
valvular mechanism. The larger of the two muscles (Plate V, 
Fig. 2-g.m.) attaches at one end to the dorsal body wall in the 
metathorax between the scutellum and the pleura. It extends 
in a ventral direction to the valve where it attaches at its lower 
end to the flattened horizontal part (Plate III, Fig. 2-m.a.m.) 
of a chitinous arm (Plate III, Fig. 2-1.) that operates in part 
the valvular mechanism. The other muscle which is very 
small attaches at one end to the small chitinous arm (Plate III, 
Fig. 2-2) fastened to the median part of the folded sheet of the 
valve and the other end to the wall of the hind coxal cavity. 
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This muscle assists in pulling back the valve membrane to 
allow the liquid to flow out. No muscles were found attaching 
to either the gland or the reservoir. 


Nerve Supply. 


The nerves supplying the glandular apparatus of the adult 
were difficult to trace out. A small nerve arises from the 
ventral thoracic ganglion in the mesothorax just caudad of the 
origin of the large nerve entering the hind coxa. This small 
nerve passes in a latero-caudal direction to the large valvular 
muscle which it innervates (Plate I, Fig. 2). No nerves were 
found connecting directly with the gland and reservoir. 


Mechanics of Operation of the Valvular Apparatus. 


The valvular apparatus in the adult consists mainly of a 
folded sheet, three chitinous arms and two muscles (Plate III, 
Fig. 2). The folded sheet, which is very tough and thick and 
has a granular surface, is located in the opening at the internal 
end of the vestibule at its junction with the duct of the reservoir. 
At its anterior edge the folded sheet is attached to a v-shaped 
chitinous arm (Plate III, Fig. 2-3) which is in turn joined to the 
vertical part of a larger chitinous arm (Plate III, Fig. 2-1). The 
larger chitinous arm, which is bent at right angles, has its hori- 
zontal part flattened out on its posterior side for the attach 
ment of the large valvular muscle (Plate I, Fig. 2). These two 
arms serve in part to open the aperture (Plate III, Fig. 2-ap.) 
through which the secretion passes to the vestibule. Another 
smaller chitinous arm (Plate III, Fig. 2-2) attaches to the middle 
of the folded sheet and serves also to pull back the sheet and open 
the aperture. When the two valvular muscles contract the chitin- 
ous arms to which they are joined are pulled in a dorso-posterior 
direction thus folding the sheet and enlarging the aperture. 

Since there are no muscles connected with the reservoir to 
produce the force necessary to cause the liquid to be expelled 
for several inches, this force must be produced by other muscles 
of the thorax. 


Range and Manner of Ejection. 


When an adult squash bug is picked up in the field almost 
immediately some of the liquid is forced out part of which 
remains on the granular area surrounding the peritreme where 
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rapid evaporation takes place. Several bugs which had been 
kept in a cage for a few hours after ejecting a quantity of 
fluid were very slow to eject more liquid. Only by severely 
prodding the insect or injuring it as by pulling off a leg was the 
writer able to induce the bugs to emit any spray. 

In order to determine the range of ejection an adult bug 
was placed on a large sheet of paper and strongly irritated. 
Several drops of liquid were forcefully discharged in a latero- 
posterior direction from the body to a distance of three to five 
inches. Five inches was found to be the maximum distance 
that the liquid could be thrown. 


GLANDULAR APPARATUS IN THE NYMPH. 


Source of Secretion in the Nymphs. 


A somewhat different condition prevails in the immature 
insects from that in the adult. The glandular apparatus is 
located in the dorsal part of the abdomen and consists of two 
separate sacs which open to the dorsal surface between the 
fourth and fifth and the fifth and sixth segments (Plate I, 
Fig. 1). Each gland connects with the exterior by two ostioles, 
one on each side of a protuberance (Plate II, Fig. 3, 5) which 
forms a sort of vestibule beneath it. Each gland consists of 
a sac which may be flattened or distended to a globular shape 
according to the amount of liquid present within it. In gross 
structure the sac consists of an inner membraneous layer and a 
thicker outer one, the latter composed of glandular tissue in 
the form of alveoli (Plate IV, Fig. 1, 2). This outer layer is 
the only source of secretion in the nymphs. 


Position of Abdominal Glands. 


The abdominal glands in the nymphs are situated in the 
dorsal part of the abdomen in the fourth, fifth and sixth 
segments. The anterior gland lies partly in the fourth and 
partly in the fifth segment; the posterior gland lies partly in 
the fifth and partly in the sixth segment. The glands are very 
close together even overlapping each other slightly in some 
individuals (Plate III, Fig. 3). The digestive tract presses 
against the ventral side of the glands flattening them somewhat 
when it is distended with food. A thin layer of adipose tissue 
separates the glands from the dorsal body wall and extends 
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down over the sides and ends almost surrounding the glands. 
The heart is located directly beneath the glands in the median 
line of the body. Between the digestive tract and the glands 
are the Malpighian tubules which extend across the abdomen 
and project out on each side of the glands. There are masses of 
adipose tissue scattered among the tissue below the glands. 


Location and Description of the External Orifice. 


In the immature stages there are two pairs of ostioles 
each of which is located on either side of an oval swelling or 
protuberance on the dorsal surface of the abdomen. These 
two protuberances, which will be called ostiolar prominences, 
are situated between the fourth and fifth and the fifth and sixth 
segments (Plate I, Fig. 1). 

The ostioles are oval slits which in the fifth instar are 
.13 millimeters long (Plate II, Fig. 5). The anterior end of 
the ostiole is prolonged into the side of the prominence in a 
cephalo-lateral direction in the form of a deep narrow curved 
groove. Connecting the two ostioles at their posterior ends 
is a lirie marking the scar through which the gland lining is 
pulled out when a molt takes place. 

Slightly laterad of the groove and immediately at the 
entrance of the ostiole is a trough-like depression with a fine 
granular surface similar to that of the peritreme in the adult. 
This groove and depression serve, no doubt, to hold some of 
the liquid in order that rapid evaporation may take place. 
The anterior, lateral, and middle part of the peritreme are of a 
solid brown color while the brown color in the surrounding 
surface is confined to spots around the setz. Scattered 
irregularly over the surface of the peritreme are short sete. 
Except for a slight difference in size, the two peritremes are 
almost exactly alike. 


Description of Abdominal Glands. 


The abdominal glands in a mature nymph consist of two 
thick walled orange colored sacs about a third as long as broad, 
which act both as glands and reservoirs (Plate III, Fig. 3). 
They are flattened somewhat dorso-ventrally by upward pressure 
of the alimentary tract beneath. The two glands are approxi- 
mately of the same size and during the fifth instar they attain 
a length of 1.3 millimeters and a width of about 2 millimeters. 
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The walls of these sacs are made up of three layers: (1) an inner 
membraneous layer, the chitinous intima; (2) a middle cellular 
layer made up in the greater part of alveoli, which is the secret- 
ing tissue; (3) outside of this a thin basement membrane 
(Plate IV, Fig. 2). When viewed with reflected light under 
high power of the binocular microscope the outer surface has a 
cellular appearance due to the alveoli (Plate II, Fig. 2). The 
cellular layer on the dorsal side, especially near its junction with 
the ostiolar prominence, is thinner and has transverse wrinkles 
in it similar to the wrinkled surface of the reservoir. Sur- 
rounding the outside of each gland is a basement membrane 
which is a continuation of the basement membrane of the 
epidermis. Since the gland lies so close to the body wall there 
are no distinct ducts but simply two openings around which 
the gland wall continues into the epidermis of the dorsal abdom- 
inal wall (Plate IV, Fig. 2). 


Tracheation of the Abdominal Glands. 


The oxygen supply to the abdominal glands comes through 
the spiracular trunks which arise at the third, fourth and fifth 
abdominal spiracles (Plate I, Fig. 1). Connecting the three 
spiracular trunks are large longitudinal trachee which form 
a continuous line on each side of the abdomen. From these 
longitudinal trachee ten small branches are given off, five 
of which go to each gland. Three of the five which supply 
the anterior gland pass up over it to the dorsal side while 
the other two go to the ventral surface. Only one of the five 
supplying the posterior gland goes to the ventral surface, the 
other four supplying the dorsal and lateral sides. 

The large tracheal branches of the glands are located on 
the exterior surface but the very small branches and tracheoles 
pass down into the glandular tissue between the alveoli and 
spread out on the inner surface as a sort of coarse net work. 
As far as could be observed there were no tracheze connecting 
with the intima. 


Attachment of Muscles. 


Since the glands are similar in size and shape, one would 
expect them to have the same musculature. Such, however, is 
not the case for there are two more muscles to the posterior 
gland than to the anterior one. There are fourteen muscles 
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which serve to operate the glandular mechanism of the abdom- 
inal glands. For convenience the writer has placed them in 
four groups according to their location as follows: lateral 
muscles, anterior muscles, posterior muscles, intermediate 
muscles, and interglandular muscles (Plate III, Fig. 3). There 
is a lateral muscle to each side of each gland which extends from 
the lateral edge of gland to the dorsal body wall (Plate II, 
Fig. 3). The anterior muscles, two in number, attach at their 
cephalic end to the conjunctiva between the third and fourth 
segments. The dorsal muscle which is the longer joins to the 
neck of the gland while the other attaches to the front edge of 
the anterior gland. Two of the three intermediate muscles 
extend between the two glands, being attached at the cephalic 
end to the posterior side of the neck of the anterior gland and 
at the other end to the opposite side of the neck of the posterior 
gland. The other intermediate muscle joins to the anterior 
side of the neck of the latter gland just in front of the other two 
muscles and extends to the posterior edge of the anterior gland. 
Two of the four posterior muscles extend from the conjunctiva 
between the sixth and seventh segments to the caudal side of 
the neck of the posterior gland. The other two are much shorter 
and extend from the same conjunctiva to the posterior edge of 
the gland where they are inserted one above the other. The 
interglandular muscle as the name suggests connects the two 
glands together. One end is inserted at the anterior edge of the 
posterior gland and the other on the ventral surface near the 
posterior end of the anterior gland. The muscles all taper 
somewhat at the ends to form a sort of tendon which serves as a 
means of attachment. Where a muscle is joined to a gland it 
passes through the alveoli, spreads out a little, and attaches 
between the alveoli and the chitinous intima. The dorsal 
anterior muscle, the two dorsal posterior muscles and the two 
dorsal intermediate muscles are paired being located on each 
side of the median line of the body in the region of the ostioles. 


Nerve Supply. 
The nerves in the nymph were even more difficult to trace 
out than those of the adult. A nerve was found arising from 


the ventral nerve cord and extending up over the abdominal 
gland (Plate I, Fig. 1), but its attachment to any organ could 
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not be definitely determined. Further research will be neces- 
sary to work out in detail the nerve supply which innervates 
the glandular apparatus. 


Mechanics of Operation. 


The valvular mechanism in the nymph is much simpler 
than that of the adult, there being no vestibule or chitinous 
arms. The gland walls in the nymph are attached to the body 
wall partly to the lateral side of the rim of the ostiole and 
partly to the edges of the chitinous leaves, which are pro- 
jections from the dorsal wall extending in from the ostioles. 
The dorsal chitinous leaf (Plate IV, Fig. 1) extends across the 
ostiolar prominence between the ostioles and serves as a point 
of attachment for the anterior side of the neck of the gland 
(Plate III, Fig. 1). The ventral chitinous leaf extends only 
part way across and acts as a sort of valve to close the ostiole 
by lying against the dorsal leaf. When the liquid is ejected 
the muscle attached to the ventral leaf contracts and pulls 
the leaf away from the upper one (Plate III, Fig. 1) thus allow- 
ing the liquid to pass out between the leaves to the ostiole. 
The pressure necessary to force the liquid out is produced by a 
flattening action brought about by the lateral muscles (Plate II, 
Fig. 3) and the short muscles which are attached to the ends 
of the glands (Plate III, Fig. 3). The longer muscles attached 
to the necks of the glands serve to pull the neck apart since it 
is normally close together. Some pressure may be supplied 
by the dorso-ventral muscles which extend between the dorsal 
and ventral body walls of the abdomen (Plate II, Fig. 3). 


Range and Manner of Ejection. 


The nymphs even in the fifth instar apparently do not 
have the power to eject the glandular secretion as far as the 
adults. They are, however, as quick to eject the liquid when 
molested as the adults. As was the case with the adults, 
nymphs which had been captured and kept for a few hours did 
not readily discharge the liquid even when strongly irritated. 

The same experiment which had been used to determine the 
range of ejection in the adult was tried with the nymph. It 
was found when the nymph was prodded that a small quantity 
of liquid was sprayed out laterally from the ostiole for a 
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distance of two inches. This experiment was repeated several 
times but in no case was the maximum distance more than two 
inches. 


HISTOLOGY. 


The metathoracic glands in the adult are of the convoluted 
tubular type consisting of a long much coiled tube and a duct 
leading to the reservoir. Although the glands are believed to 
be of ectodermal origin no chitinous intima was found in them. 
In a cross sectional view the coiled tube of a gland appears 
as a circular layer of cells inclosing a lumen (Plate IV, Fig. 4). 
In the lumen are large granules which are secreted by the 
surrounding cells and are believed to have some part in forming 
the liquid. The number of cells in a cross section of the tube 
varies somewhat but eight may be taken as the average number. 
The nuclei of these cells contain a nucleolus and there are 
granules in the cytoplasm. 

The tissue composing the reservoir consists of a thin layer 
of cells containing nuclei which are some distance from each 
other. This layer is deeply wrinkled and folded especially 
in the posterior ventral part of the sac (Plate V, Fig. 1). The 
chitinous intima follows loosely the contours of the folds and 
is itself much wrinkled giving the tissue a very irregular appear- 
ance. The corrugated surface of the intima in the reservoir 
presents a condition similar to that found by Detwiler (1922) 
in the sac of the glandular apparatus of the Red-Humped Apple 
Caterpillar, Schizura concinna Smith and Abbot. Although 
Detwiler found fine canals extending through the intima the 
writer was unable to find similar structures in either the intima 
of the reservoir or the abdominal gland of the squash bug. 
The tissue composing the reservoir is not believed to have any 
secretory function. 

There are four types of cells found in the glandular apparatus 
of the nymphs. They all develop from the ectodermal invagi- 
nations which form the glands in the embryo. The first type 
to be considered is that of the less specialized epidermal-like 
cells whcih surround the alveoli (Plate IV, Fig. 6). The 
second type is like the cells in the reservoir in the adult already 
described above. These cells compose a small section of the 
walls at the ends of the glands. A third type of cell is found 
in the large nucleated secreting cells in the alveoli (Plate IV, 
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Fig. 6). The nuclei are three or four times as large as those 
of the other cells in the gland. They contain many dark 
staining granules but no nucleolus was found. These granules 
are believed to be concerned with the formation of the secretion. 
The fourth type (Plate IV, Fig. 3) is found in the tissue making 
up the greater part of the dorsal wall of the abdominal glands. 
The cytoplasm of these cells stains with the eosin a clear brown 
which is believed to be due to some chemical either secreted by 
the cell or incorporated in the protoplasm. The cytoplasm is 
finely granular in nature and the nuclei are similar to those 
of the epidermal-like cells. These brown-staining cells are 
elongate and irregular in shape extending down into the gland 
for two or three times their width in some cases. The function 
of these cells is not clearly understood. 

It is interesting to note that although the tissue of the 
reservoir has the same orange color of the dorsal part of the 
abdominal glands, it does not stain brown with the eosin. 


DEVELOPMENT OF GLANDULAR APPARATUS. 


The abdominal gland starts in the embroynic stage as a 
narrow ectodermal invagination. At three days before hatch- 
ing the gland appears as a small transverse pocket leading in 
from the body wall and slanting forward somewhat. Near its 
inner end the pocket widens out, part of it extending forward 
parallel with the dorsal body wall and part of it extending 
posteriorly. The anterior extension is four to six times longer 
than the posterior one. The lumen of the gland at this stage 
is of about uniform width throughout, and this is approximately 
the long diameter of the nuclei of the cells in the gland wall. 
The greater part of the cells resemble those of the epidermis 
except that the nuclei are more elongated than those of the 
latter. At the age mentioned above a few secreting cells with 
the large granular nuclei have already been differentiated. 
There are also several cells in the anterior end of the gland 
similar to those of the wall of the reservoir of the adult (Plate V, 
Fig. 1). The chitmous intima has already been developed at 
this stage. 

Not much change takes place in the gland at hatching or 
during the first instar except that there are more secreting 
cells and an increase in the size of the lumen of the gland. 





1930] Moody: The Stink Glands of Anasa 95 


The gland at the end of the first instar reaches a size of .16-.17 
millimeters. Although the molted glands are present in the 
cast skin of the first instar nymph, none were observed to 
secrete any liquid during the instar. In the second instar the 
brown staining tissue in the dorsal wall of the gland has 
appeared. The glands have also enlarged and filled out to 
some extent. During the successive instars up to the latter 
part of the fifth there is not much change in the abdominal 
glands except increase in size and the number of secreting cells. 
In the latter part of this instar, the glands begin to reduce in 
size and this reduction continues until the last molt at which 
time the glandular tissue has been almost completely absorbed, 
only a small amount of tissue being left in a ring around the 
base of the ostiolar prominence. 

The metathoracic gland and the reservoir in the adult 
begin to develop during the fifth instar. At the beginning of 
the instar there is no evidence of either the glands or reservoir. 
The early development of the metathoracic gland has not 
been thoroughly worked out. During the latter part of the 
last instar the reservoir was found as a thin pad of tissue 
similar in outline to the reservoir of the adult but much smaller 
in size. The dorsal and ventral sides were in close apposition 
and there was no liquid present or color to the tissue. The 
ventral nerve cord at this time passes over the reservoir in a 
shallow groove along the median line of its surface. As the 
sac matures and becomes filled with liquid the nerve cord is 
pushed to one side or the other and remains in that position 
throughout the life of the insect (Plate I, Fig. 2). The meta- 
thoracic glands are well formed a few days before the end 
of the last instar and differ from those of the adult only in size. 

The reservoir in the newly emerged adult is still colorless 
and without any liquid in it. After the bug has fed the sac 
rapidly enlarges, fills with liquid and assumes its normal orange 
color. The remains of the ostiolar prominence which marked 
the openings of the nymphal glands show as transverse ridges 
much wrinkled at the interior part. There are two slightly 
raised tubercles above. the vestigial ostiole but there is no 
distinct opening, merely two narrow reddish slits. Internally 
the dorsal part of the old glandular tissue with the orange 
color still present remains around the ostiolar prominence as 
the neck of the gland. The tracheal branches and tracheoles 
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which supplied the dorsal part of the old gland remain in the 
adipose tissue below the atrophied ostiolar prominence. 


NATURE OF THE SECRETION. 


The liquid which produces the offensive odor common to 
squash bugs secreted by both the metathoracic and abdominal 
glands consists of a volatile oil, very light yellow in color. 
The odor is suggestive of banana oil, amyl acetate, in both 
the adult and nymphs, but its odor is not exactly the same in 
both stages. The oil gives an acid reaction with litmus paper 
and has a very acrid taste, leaving a burning sensation on the 
tongue for several minutes. 


FUNCTION OF THE GLANDS. 


The function of the repugnatorial glands in the squash bug 
is believed by Kunckel (1866) to be protective. The irritating 
nature of the secretion would tend to discourage insectivorous 
birds and predacious insects from eating the bugs. It might 
be possible that the glands have an excretory function in ridding 
the body of certain waste products. Further research would be 
necessary, however, to clear up this point. 


SUMMARY. 


1. The glandular apparatus in the adult stage of Anasa 
tristis consists of two tubular glands in the metathorax which 
empty by ducts into a reservoir which in turn opens to the 
exterior through two ostioles located one on each side between 
the middle and hind coxe. 

2. The repugnatory glands in the nymphal stages consist 
of two glandular sacs lying just beneath the dorsal wall of the 
abdomen each opening to the dorsal surface of the abdomen 
by two apertures located between the fourth and fifth and the 
fifth and sixth segments. 

3. The metathoracic glands in the adult do not develop 
from the abdominal glands in the nymph nor are they related in 
any way morphologically to them but they do, however, per- 
form the same function. 

4. The metathoracic glands develop during the last 
nymphal instar while at the same time the abdominal glands 
are atrophying. 
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5. At each molt the chitinous linings of the abdominal 
glands are pulled out and left intact with the liquid still in 
them in the cast skin. 

6. Both glands and reservoir are of ectodermal origin 
being formed by invaginations of the body wall and having the 
cuticula, epidermis, and basement membrane of the body wall. 
The abdominal glands originate as ectodermal invaginations 
in the embryo. Some of the cells become differentiated into 
secreting cells before hatching. 
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EXPLANATION OF PLATES. 


PLATE I. 


Median, longitudinal, vertical section of the abdomen of a nymph showing 
abdominal glands with their trachea and nerve. 

a. ab. gl., anterior abdominal gland; n. gl., nerve to glandular apparatus; 
os. pr., ostiolar prominence; p. ab. gl., posterior abdominal gland; 
sp. tr., 3, 4, 5, spiracular trunks to third, fourth, and fifth abdominal 
spiracles; v. n. c., ventral nerve cord; 4, 5, 6, fourth, fifth and sixth 
abdominal segments. 


Dorsal view of a horizontal outline of the body of an adult male, showing 
nervous, tracheal and muscular systems of the glandular apparatus. 
b. w., body wall; ch. a., chitinous arm; c. cv., 2, 3, second and third coxal 
cavities; d. r., duct to reservoir; m. gl., metathoracic gland; n. v. r., 
nerve to valvular muscle; res., reservoir; th. g., thoracic ganglion; 
t. res., trachea to reservoir; ts., testis; ves., vestibule; v. ms., valvular 
muscle; v. m., valvular membrane; v. n. c., ventral nerve cord; 2, 3, 
second and third thoracic segments; I, II, first and second abdominal 

segments. : 


Pate II. 


Surface view of a small portion of a metathoracic gland. 
tr., trachea; tu., tubule. 


Surface view of the secreting tissue of an abdominal gland. 
al., alveolus; lu., lumen; tr., trachea. 


Transverse vertical section through an abdominal gland showing lateral 
muscles. 


gl., gland; 1. m., lateral muscles; d. v. m., dorso-ventral muscles; os. pr., 
ostiolar prominence. 


Ventral view of thorax of an adult. 

a. sp., abdominal spiracle; c. cl., coxal cleft; c. 2, 3, coxa of meso- and 
meta-thoracic legs; e., epimeron of meso- and metathorax; es., 
episternum of meso- and metathorax; f. w., fore wing; ms. s., meso- 
sternum; mt. s., metasternum; os., ostiole; os. pr., ostiolar peritreme; 
pl., plerae of meso- and metathorax; pr. s., prosternum; 1, 2, 3, prothorax, 
mesothorax, metathorax, respectively; I, II, III, first, second and third 
abdominal segments. 


Dorsal view of the ostiolar prominence of a nymph. 


1. s., scar of opening through old gland pulled out in molting; os., ostiale; 
os. c., ostiolar canal; os. gr., ostiolar groove. 


PiatTeE III. 


Longitudinal, vertical section through the chitinous leaves of the ostiolar 
prominence of a nymph. 

b. m., basement membrane; ch., chitinous covering of body wall; ch. in., 
chitinous intima; ch. 1., chitinous leaves; ep., epidermis; gl. w., gland 
wall; m., muscle. 


Median, horizontal, longitudinal section through the left vestibule of 
an adult. 


ap., aperture from duct to vestibule; b. w., body wall; c. cv., coxal cavities 
of meso- and metathoracic legs; d. g., duct of gland; m. a. m., flattened 
extension of chitinous arm; os., ostiole; os. pr., ostiolar peritreme; p.t. 
sp., posterior thoracic spiracle; ves., vestibule; v. m., valvular muscle; 
vm., folded sheet of valve; w. res. d., wall of reservoir duct; 1, 2, 3, 
Chitinous arms. 
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Fig. 3. Median, longitudinal, vertical section of the abdomen of a nymph, showing 
glandular muscles. 


a. gl., anterior gland; a. m., anterior muscles; in. gl. m., interglandular 
muscle; ir. m., intermediate muscles; p. gl., posterior gland; p. m., 
posterior muscles. 


PLATE IV. 


Fig. 1. Transverse vertical section through ostiole of the abdomen of a nymph. 


b. m., basement membrane; ch., chitinous covering of body wall; ch. in., 
chitinous intima; ch. 1., chitinous leaves; ep., epidermis; gl. w., wall of 
gland; os., ostiole; os. gr., ostiolar groove. 


Fig. 2. Transverse vertical section through ostiole of a nymph at the posterior 
edge of the chitinous leaves; abbreviations to parts same as in Fig. 1. 


Fig. 3. Longitudinal vertical section through the dorsal wall of an abdominal 
gland of a nymph. 
ch. in., chitinous intima; cy., cytoplasm; n., nucleus; nu., nucleolus. 


Fig. 4. Cross-section of the tube of a metathoracic gland, highly magnified. 


cm., cell membrane; cy., cytoplasm; gr., granules in secretion; lu., lumen; 
n., nucleus; nu., nucleolus. 


Fig. 5. External view of left external orifice in an adult. 


c. cl., third coxal cleft; dk., disk; ep., 2, 3, epimeron of meso- and meta- 
thorax; gr., grooves of vestibule; mes., mesothorax; met., metathorax; 
os., ostiole; os. p., ostiolar peritreme; p. t. sp., posterior thoracic 
spiracle. 


Fig. 6. ‘Longitudinal section through an alveolus of an abdominal gland of a 
nymph in the ventral part of gland wall. 


c. in., chitinous intima; d., duct; lu., lumen; n. 1., nucleus oflarge nucleated 
cell; n. s., nucleus of small nucleated cell; s. g., secreting granules. 


PLATE V. 
Fig. 1. Longitudinal section through the ventral part of the body wall of a 
reservoir. 
c. in., chitinous intima; i. r., interior of reservoir; n., nucleus; nu., 
nucleolus. 


Fig. 2. View of glandular apparatus in the ventral part of the body of adult cut 
transversely through the ostioles. 


b. w., body wall; c. cl., coxal cleft; d. res., duct of reservoir; gl., gland; 
g. m., glandular muscle; h. c., hind coxa; os., ostiole; res., reservoir; 
ves., vestibule; v. m., valve membrane. 
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SOME EFFECTS OF TEMPERATURE AND HUMIDITY AS 
FACTORS IN THE BIOLOGY OF THE BEDBUG 
(CIMEX LECTULARIUS LINN.).* 


R. M. JONEs. 


INTRODUCTION. 


The life-history of the Bedbug (Cimex lectularius Linn.) 
has been studied in widely separated localities, but not much 
attention was given to the factors of temperature and relative 
humidity. In the experiments recorded herein, the writer has 
used constant conditions of both temperature and relative 
humidity throughout the life-cycle of the insect. 

A review of the literature shows that nothing has been 
published on the weight of the egg, of the different instar 
nymphs and the adult, and the amount of blood consumed at a 
‘‘meal’’ and during the larval period. The incubation period 
of the egg and the survival of the nymph without food have 
been worked out in part by other investigators. 


HISTORICAL. 


In reviewing the literature the writer found only a few 
publications on the bedbug relating to the type of work presented 
in this paper. Many important papers have been written on 
this insect, but only those that relate directly to the writers 
work are cited here. 


Girault (1912) found that the incubation period varied from 5 to 10 
days at 28°-31°C.; the average hatch occurred in 6 to 7 days. At 
Runcorn, England, during the months of June, July and August, 1912, 
Blacklock (1912) observed that the incubation period averaged 17 days 
under laboratory conditions. He also states that when the temperature 
was increased to 22°C. the average incubation period was 14 days, 
while at 25°C. the length of time was decreased to 10 days. 

Girault (1912) states that there was an average period of 6 days 
between molts under artificial conditions, but these were not given. 


*These studies were conducted in the Insectary, Iowa State College, Ames, 
Iowa. The writer wishes to express his appreciation to Dr. C. J. Drake for 
guidance and supervision; thanks are also due Dr. C. H. Richardson, Mr. George C. 
Decker and Mr. Roy Melvin for many suggestions and criticisms. 
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Under favorable conditions of food and temperature, Marlatt (1916) 
found an average period of about 8 days between molts, the molting 
periods being shorter in the earlier stages and longer in the later stages. 
This gave about seven weeks as the time required for the insect to reach 
the adult stage. 


According to Girault (1910) if a bedbug is fed to repletion once in 
each instar, normal development occurs, though the bug will take 
additional meals in any one instar after an interval of several days. 
Marlatt (1916) also observed that ordinarily but one meal is taken 
between molts and under favorable circumstances additional meals 
may be occasionally taken. 


Cragg (1923) found that eggs are not laid until the female has fed, 
although the male organs are functional and the female can be fertilized 
before the first meal in the adult stage. 

Girault (1912) records the duration of life of first instar nymphs 
without food to be from 17 to 42 days under artificial temperatures, 
but these were not given. In his experiments with starvation of first 
instar nymphs, Bacot (1914) found the duration of life to be from 66 
to 136 days at 15°-17°C. The average life was 108 days. The following 
data are also taken from Bacot’s experiments: 


1. Temperature 24° C., humidity 65-70 per cent. 


NS i ve cits ncaa bc perce rad in ee Abs GA WN 10 days 

I esi oO Saal na tian Suites onic ama 21 days 
2. Temperature 31° C., humidity 70-80 per cent. 

IID eres yn fb WG Sida ce dew K's nieho/e ANG a VON 7 days 

RE ce puibkaa ta gsaks cand div ndkawes chee .11 days 
3. Temperature 35.5° C., humidity 25 per cent. 

NR hrc ead sic ee aa aan ese ek Re 5 days 

I is iors’ ssi ans slate ag nial on ea eA I a ee 8 days 


Marlatt (1916) states that young bedbugs, obtained from eggs, were 
kept in small sealed vials for several months, remaining active in spite 
of the fact that they had never taken any nourishment whatever. 
The conditions of temperature and relative humidity are not given. 


METHODs. 


The experiments presented in this paper have been con- 
ducted under constant conditions of temperature and relative 
humidity. Incubating ovens were used to obtain the desired 
temperatures and the relative humidities were kept constant 
by using saturated solution of certain inorganic salts. The 
per cent of relative humidity which a salt will give has been 
taken from Spencer, International Critical Tables (1926), with 
the exception of sodium bromide which was determined in the 
laboratory. An inorganic salt, of course, registers a different 
per cent of relative humidity at different temperatures. The 
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salts and the per cent of relative humidity that each will yield 
in excess in water between 13°—33° C. are given below. 


NIE Ws oa ves Wi ewe ed es coe teem 19% 
I IIIS | aivin ies oa ee hx cawiaidcs Roma 31-35% 
SI CRI is cons sPucemerdies.staxennsaerue 55-65% 
SE GNI i cidiy wiccceeekivnaudinomeneeneean 74-76% 


The weight determinations presented in this paper were 
made on a Wm. Ainsworth and Sons Precision balance. 

The eggs were obtained from bedbugs kept in small stender 
dishes in a glass battery jar under a constant condition of 
27° C. and 75 per cent relative humidity. These bugs were fed 
every six days by being placed in wide mouth glass tubes and 
held against the forearm. The females laid their eggs on small 
circular pieces of paper toweling placed in the dishes for that 
purpose. At least once a day, or oftener when an experiment 
required an accurate record of the time the eggs were laid, the 
papers were taken out and the eggs removed with a camel’s 
hair brush. They were then put in other jars under the same 
conditions and used for the experimental work as soon as they 
hatched. 

The following method was employed in rearing the bugs. 
Short pieces of 8 mm. by 40 mm. glass tubing were ground to a 
roughened surface on one end by applying to an emery wheel. 
On this end was then glued a small circular piece of 60 mesh 
bolting cloth, the other end being closed with the cap of a 
No. 000 gelatin capsule in which holes were punched to allow 
free circulation of air. One egg was placed in each tube and 
this furnished the permanent home for the bedbugs. The 
cages containing the eggs were kept under the conditions as 
outlined above. After hatching the nymphs were permitted 
to feed by holding the tubes against the wrist, no difficulty 
being experienced by the nymph in inserting the rostrum 
between the meshes of the bolting cloth. By using this method 
it was not necessary to remove the bugs from the cages until 
after they had reached the adult stage. The jars were aerated 
each day by fanning in fresh air with a piece of cardboard. 

In determining the length of time required for incubation 
the eggs were placed in 10 mm. by 50 mm. shell vials. These 
were then placed in 20 mm. by 80 mm. vials containing a satu- 
rated solution of the salt giving the desired relative humidity 
and tightly corked. The vials were also aerated once a day. 
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To determine the length of life of the first instar nymphs 
without food the nymphs were placed in No. 000 gelatin capsules 
in which many holes had previously been punched to allow a 
free circulation of air. The capsules were put in a small 
screen cage which was suspended in a pint Mason fruit jar con- 
taining a saturated solution of the salt giving the desired 
relative humidity. Aeration of the jars was performed daily 
as in the previous experiments. 


LIFE History. 
Egg. 

The egg, at time of deposition, is pearly white, somewhat 
oval, the cephalic end being closed by a disc-shaped lid. 
Shortly before hatching it becomes light yellow and the red 
eyes of the developing nymph can be plainly seen through the 
chorion. The length is slightly more than twice its width, the 
average of one hundred eggs being 1.0178 mm. in length and 
.434 mm. in width. Under the conditions used in this experi- 
ment the average incubation period was found to be 5.9 days. 

The method of hatching is similar to that found in many 
other Hemipterous insects. Nymphs escape from the eggs by 
opening the lid which covers the circular opening at the cephalic 
end with an inverted somewhat pyramidal-shaped structure 
called the lid-opener. This lid-opener or egg-burster is attached 
dorsally to the membrane which envelops the nymph before 
emergence. After the apparatus has performed its function 
it slips back over the head of the emerging nymph and remains 
attached to the membrane, usually within the egg-shell. The 
nymph gradually works its way out until the antenne and 
legs are free. As soon as the appendages are capable of move- 
ment the nymph pulls the tip of the abdomen out of the egg 
shell and seeks a convenient hiding place. 


Length of Instars. 


The bedbug molts five times. The writer has found no 
records of more than five molts, although Marlatt (1916) 
states that conditions of famine and unfavorable temperatures 
may result in additional molts. 

Under the conditions of 27° C. and 75 per cent relative 
humidity the lengths of the different stages in the bedbug were 
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5 days for the first instar, 4.5 days for second, 4.2 days for 
third, 4.6 days for fourth and 6 days for the fifth. 


TABLE 1. 
SUMMARY OF LIFE-HISTORY.* 























STAGE TOTAL 
AVERAGE 
Days 
Egg Ist 2nd 3rd 4th 5th 
Average 
days.... 5.9 5.0 4.5 4.2 4.6 6 30.2 
Range in 5.6— 
days.... 6.1 4-6 4-5 4-5 4-5 6 


Temperature 27° C. Humidity 75 per cent. 


An interesting and important point shown in the above 
table is a decrease in the number of days required between 
molts in the first three instars. The length of time required 
was about the same in the second and fourth instars, whereas 
the last instar required a longer period for development than 


GRAPH 1. 
SUMMARY OF LIFE-HISTORY. (Fifty Bedbugs). 
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the others. Another interesting point is that the variations 
from the average time are not as great in the later instars as 
in the earlier stages, all requiring approximately the same 
length of time between molts in the fifth instar. These results 
are also presented in Graph 1. 





*Results based on records of fifty individuals reared from egg to adult stage, 
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Nymphal and Adult Stages. 


Newly hatched nymph white, nearly transparent, becoming 
light yellow within a few hours; the characteristic brown color 
of the more mature stages increasing with each molt. Engorged 
nymph enlarged, elongated, and brightly colored from the 
ingested blood. Body outline oval and slightly convex. Eyes 
dark brown, located on side of head. Antennz 4-segmented, 


TABLE 2. 
MEASUREMENTS OF NYMPHAL INSTARS AND ADULT STAGE. 





STAGE 


First Second Third Fourth Fifth Adult 








Length before feeding] 1.2 mm. | 1.8 mm. | 2.03 mm.| 3.07 mm.} 4.2 mm. | 5.5 mm. 





Width before feeding..| .696 mm.} 1.02 mm.| 1.28 mm.| 1.97 mm.} 2.3 mm. | 3.0 mam. 





Length after feeding. .| 1.74mm.| 2.2 mm. | 2.7 mm. | 4.06mm.| 4.95 mm.| 7.5 mm. 





Width after feeding. .| .754mm.| 1.16mm.| 1.5 mm. | 1.74mm.| 2.1 mm. | 2.7 mm. 


Length of antenna: 








NO 8, oix¥s sae .056 mm.| .058mm.} .06mm.| .087mm.| .12mm.} .15mm. 
Segment IT......... .145mm.| .2mm. | .26l1mm.| .388mm.| .45mm.|} .63mm. 
Segment III........ .232mm.| .3l1mm.} .38mm.| .49mm.| .6mm.]| .69mm. 











Segment IV........| .26l1mm.| .36mm.| .4mm.| .4mm.| .48mm.| .51mm. 








Total length of 
antenna............| .722mm.| .928 mm.} 1.14mm.} 1.4 mm. | 1.7 mm. | 1.98 mm. 











Total length of 
oy ee | .3mm.| .46mm.| .52mm.) .67mm.) .75mm.) .9 mm. 





densely pubescent, first two segments slightly thickened. Body 
sparsely clothed with short hairs, those on outer margins being 
somewhat longer. Rostrum 3-segmented. Legs rather stout, 
pubescent, light yellow. Females of the first instar may be 
distinguished from the males by the presence of minute genital 
characters on the abdomen by examining specimens mounted 
in balsam. 

The general characters of the later instars do not differ 
greatly from those of the first instar, except the increase in 
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size. The adult stage is, however, characterized by the appear- 
ance of the rudimentary wing pads. These measure 1 mm. in 
length and .6 mm. in width. The head and thorax are more 
punctate than in the fifth instar; the abdomen is also slightly 
punctured. The measurements of the five instars and the 
adult stage are given in Table 2. 


Imago. 


The precopulation. period is short, mating usually taking 
place within a few minutes to an hour after the first feeding. 
Occasionally, however, pairs have been observed copulating 
before having fed. 

The method of copulation has been very well described by 
Cragg (1914). The length of time the bugs remain in copulation 
varies from a few minutes to half an hour. 


TABLE 3. 
NUMBER OF EGGs LAID BY UNFED FEMALE BEDBUGsS. 

















NuMBER OF EccGs Laip Eacu Day TOTAL 
Lot No. No. EGGs 
No. FEMALES ia Ond Srd Ath 5th LaID 
he 6 3 | 15 7 2 0 37 
2 4 8 10 5 2 e 0 95 
3 3 8 cA 9 4 1 0 22 


Under 27° C. and 75 per cent relative humidity the pre- 
Oviposition period was shortened somewhat over that reported 
by other investigators. Girault (1914) found that egg pro- 
duction began within 4 to 8 days after copulation, whereas 
the writer observed that never more than 3 days were required 
if the bugs were allowed to feed soon after the last molt. 

Contrary to the statement of Marlatt (1916) and Cragg 
(1923) the writer found that the female bedbug will lay eggs 
before feeding in the adult stage. Egg deposition usually 
begins within 5 to 6 days after fertilization and continues for 
3 or 4 days without the female ever feeding, the majority being 
laid on the first two days. The observations recorded on 
three lots, see Table 3, were taken on specimens reared under 
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a constant condition of 27° C. and 75 per cent relative 
humidity. 

The males and females of all stages require from 5 to 10 
minutes to engorge with blood. They then hide away in some 
secluded and convenient place for a period of from 5 to 10 days 
for the digestion of their enormous meal. During this time 
they will not feed, the time being occupied with digestion of the 
blood, coition and deposition of the eggs by the female. Observ- 
ations made during other experiments indicate that the female 
feeds more frequently than the male. 


Eggs.—Size and Weight. 


Size: With the aid of a calibrated binocular microscope 
one hundred bedbug eggs were measured to determine the 
variations in the length and width. The majority of the eggs 
conformed closely to the average measurements given in the 
table. However, some eggs were short and thick, whereas 
others were longer and more slender. 


TABLE 4. 
SIZE oF EcGs. 














NuMBER OF EGGs DIMENSIONS RANGE AVERAGE 
MEASURED (in mm.) (in mm.) 
” ati. ccssas. .966-1.073 1.0178 
100 —— 
re .3855- .493 434 








Weight: One hundred eggs were carefully removed from 
the paper toweling on which they were deposited and weighed. 
The total weight was .0158 gram, giving an average of .000158 
gram per egg. 
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Incubation Period. 


As previous incubation records had been taken from experi- 
ments conducted under variable conditions the writer re- 
peated this phase under conditions of constant temperature 
and relative humidity. The effect of temperature upon the 
period of development of the egg is given in Table 5. The 
range in number of days required for incubation varies with 
the temperature, the greatest variation occurring at the lower 
temperatures. 


TABLE 5. 


INCUBATION PERIOD OF EGGs. 


l 
IRELATIVE| No. oF | HATCHED | INCUBATION PERIOD, Days 


=MPERATURE | . 
TEMPERA Humipity| EcGGs 














| | Number | Per Cent| Range Average 
wee =| 7% | 50 | 50 | 100% o | 21.3-23.4 225 
wc | 75% 50 | 50 | 100% | 104118] 11.0 
‘ere. | 3% | 50 | 50 | 100% | 5.66.1 59 
g0°c. =| 75% 50 «| (50 I 100% | 4 $5.4 | 5.0 
rc. 75% | 8 | 50 | 30% | 4348] 45 | 





Duration of Life of Nymphs Without Food. 


Five hundred nymphs (see Table 6) were secured from 
eggs which had been incubated under a constant condition of 
27° C. and 75 per cent relative humidity to determine the 
length of life of the newly hatched nymphs without food under a 
wide range of controlled conditions of temperature and relative 
humidity. None of the five hundred fasting nymphs‘ were 
able to attain the second instar without food. 
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DURATION OF NYMPHAL LIFE WITHOUT Foop. 


TEMP. 


13°C. 
13°C. 


30°C. 

30°C. 
30°C. 
33°C. 
33°C. 
33°C. 
33 °C 5 ’ 





1 
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LENGTH OF LIFE IN Days 








*(a) Two dead at end of 90th day. 

(b) One dead at end of 91st day. 

(c) Fourteen dead at end of 85th day. 
(d) Twelve dead at end of 86th day. 


RELATIVE 
HvuMIDITY —— 
Minimum | 
“190% «| mC 
am | wi 
65% . 80 (a )* | 
16% =| 87 (b) | 
19% | at 
/ 33% 23 | 
s "62° 52 (c) | 
158% | 30 (d ) : 
19% 15 | 
33% | 17 | 
a 60% 18 | 
75% 22 
19° re 11 | 
33% 11 
"81% 12 
75% 22 
; 19% 5 
32% 7 
55% 13 
74% | 17 | 


Maximum | Average 
84 | @ Se 
100 | 724 
30 | 25.5 
57 | — 
25 | 18.1 
29 | 21 6 
44 | 30.0. 
48 32.0 
16 12.2 
17 13.4 
28 20.4 
36 27.7 
14 96 
16 11.0 
26 16 ) ; 

35 24.6 
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Weight of Bedbugs. 
The average weights of the bedbug, before and after feeding, 
are given in the table below. 


TABLE 7. 
WEIGHT OF BEDBUGs. 

















STAGE 
| 
| 
| Ist 2nd 3rd 4th 5th Adult 
No. of individuals.... 50 50 50 50 50 50 
Average weight before 
feeding, in grams...| .00014 .00029 .00078 .0014 .0029 .006 
Average weight after 
feeding, in grams.. .0012 .0019 .0034 .0059 .0124 .0255 


Blood Consumed During Nymphal Stages. 


To determine the amount of blood the bedbug consumes 
at each ‘‘meal’’ and during the entire growing period from the 
time of hatching until the adult stage is attained twenty newly 
hatched nymphs were placed in separate cages and reared to 
the adult stage under constant conditions of temperature and 
relative humidity. Each bug was fed the day following hatch- 
ing, the day following molting in the different instars and was 
also given an opportunity to feed every third day after the first 
feed in each instar. In most instances the nymphs fed but once 
during each instar. However, there were two exceptions, 
nymphs number 8 and 9 each fed twice during the third instar. 
The amount of blood consumed by each nymph is tabulated in 
Table 8. 

The twenty individuals discussed in Table 8 hatched on 
March 21 and molted (1) March 26, (2) March 31, (3) April 5, 
(4) April 11 and reached the adult stage April 17. Hence, 
under constant conditions of temperature, relative humidity 
and food all the twenty nymphs, except numbers 8 and 9, 
required approximately 5 days for the first instar, 5 days for 
second, 5 days for third, 5 days for fourth and 6 days for the 
fifth, or a total of 26 days to reach the adult stage. 
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TABLE 8. 


AMOUNT OF BLoop CONSUMED DURING NYMPHAL STAGES. 








(Temperature 27° C.; Humidity 75%). 


























INSTAR 
Nympu No. 
Ist 2nd 3rd 4th 
1 | 0014 | .oo17 | .0024 | .0053 | 
9 | .0008 | 0011 | .0015 | 0038. 
~ 3 | .0009 | .0015 | .0025 | .0057 
ae | 0010 | 0016 | .0020 | .0044 
a ‘| 0009 | .0015 | .0016 | .0040 
a. 0008 | .0015 | .0032 | 0042 
oF “| 0007 | .0010 | .0013 | .0028 
7 wn way eo 
8 (a) 0015 0017 | .0029 0066 
Peg Gees A ce en 
9(a) | .0016 | .0018 0019 | .0039 
10* “| 0012 | .0023 | .0020 | 0035 
“| -.0007 | .0014 | .0017 | .0030 
12 | 0017 0022 | .0028 | .0048 
13 | 0009 | 0016 0021 | 0044 
44 | 0010 0015 | .0017 | .0039 
5 | 0016 g 0018 | .0024 | 0049 
16 | 0013 | 0018 | 0022 | 0058 
47 | 0008. | 0014 | 0029 | .0055 
18 0016 | .0020 | .0026 | .0048 
19" 0009 | 0013 | 0018 | .0033 
20 ‘| 001s | .0023 | .0031 | .0063 
Avg. of 6d... | .0009 | 0014 | .0017 0034 
Avg. of 149....| .0013 | .0017 | .0029 | -0050 
Avg. ¢ and @.| .0011 | .0016 | .0026 | .0045 














* Male bedbugs. 
(a) Nymphs number 8 and 9 each fed twice during 
following molting and again on the third day. 
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The variations in the amount of blood consumed by the 
immature bedbugs seem to be due largely to the variations in 
size of the different individuals. The nymphs were allowed to 
feed without interruption until engorged and apparently 
satisfied. The results show that, as a rule, the female nymphs 


GRAPH 2. 


RELATIVE PER CENT INCREASE IN WEIGHT AND IN AMOUNT OF BLOOD 
CONSUMED BY NYMPHS. 
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generally consume more blood during the period of growth than 
the male. 

The ratio between the relative per cent increase in weight 
and in the amount of blood consumed, by weight by the nymphs 
in the different instars is shown in Graph 2. This graph is 
based on the results presented in Tables 7 and 8 and shows 
quite distinctly the approximate ratio between the increment 
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of growth and increment of blood consumption. The relative 
increase in the amount of blood consumed by the mature 
bedbug is based only on the first feeding after the adult stage 
is attained. The relative per cent increase in growth is 
increasingly greater than the relative per cent increase in the 
amount of blood consumed, particularly in the later stages. 

The experiments presented in this paper were conducted 
during the winter and show conclusively that the bedbug will 
reproduce throughout the year under certain conditions. In 
the fall some female bugs, under room conditions, stopped 
laying after the weather turned cold. About two months later 
these bugs were placed in an incubator at 27° C. and 75 per cent 
relative humidity. Egg deposition was resumed by all the 
females in 5 to 6 days and continued regularly throughout the 
rest of the winter. The bedbug does not hibernate during the 
winter when the temperature, relative humidity and food 
conditions are suitable for continued activity. According to 
Marlatt (1916) the activity is at its greatest between 60° and 
98° F. 


SUMMARY. 


1. Fifty adult bedbugs were reared from the egg under a 
constant condition of 27° C. and 75 per cent relative humidity. 
The average time required for the different stages were; incu- 
bation period 5.9 days, first instar 5 days, second instar 4.5 
days, third instar 4.2 days, fourth instar 4.6 days and the 
fifth instar 6 days. The average time required to reach the 
adult stage was 30.2 days. The length of the second and third 
nymphal stages was always shorter than the first. The varia- 
tions from the average time required in each instar was not as 
great in the later instars as in the earlier stages. 

2. The preoviposition period of the adult, the incubation 
period of the eggs, and the developmental period of the nymphs 
showed considerable variation under room conditions, but 
remained relatively constant at uniform temperature and 
relative humidity. 

3. Contrary to other investigators it was found that the 
female will lay eggs before feeding in the adult stage. 

4. Temperature and relative humidity are important 
factors in the incubation period of the egg and the duration of 
life of nymphs without food. The length of life varies inversely 
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with the increase in degrees of temperature above 13° C. 
Relative humidities below 50 per cent cause death of the 
nymphs in less time than those between 50 and 75 per cent. 

5. The amount of blood consumed at a ‘‘meal”’ and 
during the entire growing period was ascertained. The bugs 
usually fed but once in each instar and the variable amounts 
consumed were due largely to the difference in size of the indi- 
viduals. The increase in weight of the nymphs in the different 
instars was slightly greater than the increase in the amount of 
blood consumed. 

6. The size and weight of the egg, weight of the different 
stages, and the measurements of the five instars and the adult 
stage are presented in this paper. 


7. The bedbug does not hibernate during the winter when 
the temperature, relative humidity and food conditions are 
suitable for continued activity. 
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CONCERNING VELIA INVERUGLAS KIRKALDY AND 
RELATED FORMS. (VELIIDA!-HEMIPTERA). 


H. B. HUNGERFORD, 
University of Kansas, Lawrence. 


There are several closely related species of South American 
Velias that resemble superficially the Velia rivularum Fabr. and 
Velia currens Fabr. forms of Europe more closely than any 
of the other Velias of the western hemisphere. These western 
forms possess certain structural characters in common that set 
them apart from the European Velias and indeed from the 
western groups which I have listed in another paper. This 
group I have called the Velia inveruglas Kirkaldy group and 
have assigned to it the following: Velia boliviana Breddin, 
Velia albotrimaculata Kirkaldy, Velia osborniana Kirkaldy 
(=V. brunnea Osborn) and my Velia helene. The last one 
tentatively, because I do not know the male. 

I have examined the types of all except Velia boliviana 
Breddin, which appears to have been lost. Breddin described 
this species from a single female which he said was in his own 
collection. I have seen that part of his collection which was 
received by the Deutsches Entomologisches Museum in Berlin- 
Dahlem and failed to discover this specimen. Nor did I find 
it in other European museums in which I worked. It is my 
understanding that a portion of Dr. Breddin’s collection is not 
now extant. 

It is unfortunate that Breddin’s type cannot be examined. 
Velia boliviana Breddin (1898) was the first of this group to be 
described-and came, of course, from Bolivia. The others are in 
order: 

Velia inveruglas Kirkaldy (1899). Ecuador. 

Velia albotrimaculata Kirkaldy (1899). Venezuela. 

Velia osborniana Kirkaldy (1909). Bolivia. This is a new name 
for Velia brunnea Osborn, 1904, because Doctor Osborn’s name was 
preoccupied by Velia brunnea Horvath (1898). Doctor Horvath’s 
species is now recognized as a synonym of Velia noualhieri Puton. 

Velia helene Hungerford (1929). Peru. This species is smaller 
than the others and readily distinguished by its orange-red head and 
pronotum. It presents the three white spots on the closed hemelytra 
as does Velia albotrimaculata Kirkaldy, but they are irregular in outline. 
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The pronotum is not so long and pointed behind. The insect is shorter 
in length and does not have the pale annulations on the legs as in Velia 
albotrimaculaia Kirkaldy. 


Velia albotrimaculata Kirkaldy. 


Velia albotrimaculata Kirkaldy was described from a female 
in the Royal Museum at Brussels where, through the kindness of 
Doctor A. Ball, I had the pleasure of examining it. This species 
is also distinctly different from the earlier species described in 
this group. The type bears the labels ‘‘? type,’’ ‘‘Coll. 
Camille Van Volxem.’’ The antennz are entirely gone. 
The following notes and the drawings submitted with this 
paper may assist in the recognition of this species for the original 
description is not accurate in certain particulars. 

Size: Length, 8.2 mm.; width across head, 1.25 mm.; width across 
humeri, 2.6 mm. (Kirkaldy gives length, 7 mm.; width, 3 mm.). 

Color: Head and pronotum dark; covered with a “‘frost’’ which 
shows more in some lights than in others. Anterior half of pronotum 
carinate; surface of pronotum pitted. The three white spots on the 
hemelytra (folded) nearly round. Underside of thorax dark, of abdomen 
faintly orange-brown. Coxe, trochanters, a ring near the base on 
the legs, pale lemon, nearly horn in color. (See Plate I. Figures 12 
and 13). 

Structural Characteristics: In connection with the original descrip- 
tion it should be noted that the pronotum is long and pointed behind. 
The hind femora are not conspicuously ‘‘stout’”? when compared with 
some other Velia and they are provided with six stout spines of equal 


length on the distal three-fifths of the rear margin.» No stridular area 
on the femora. 


An examination of the types of Velia inveruglas Kirkaldy 
and Velia brunnea Osborn revealed such structural resemblance 
that I have felt impelled to make a critical study of them and 
such other specimens as appeared might be one or the other of 
these forms. This has resulted in the recognition of two new 
species which will be described below. 

For the benefit of students who may be interested in the 
Velia, I will first present some notes on the type of Velia 
inveruglas Kirkaldy. 

Size: Length, 7.2 mm.; width across head, 1.26 mm.; width across 
humeri, 1.8 mm. 

Color: This apterous type is chocolate brown with grayish frost- 


like surface. Pronotum not margined by a different color. Legs also 
chocolate brown. The abdomen is covered with golden brown hairs 
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sparser above than below. Ten smooth, shiny, black spots showing 
plainly on side of the abdomen. The round ones near middle of seg- 
ment, the others transversely elongate and located just behind the 
intersegmental lines—thus the round spots alternate with the long 
ones. (On other specimens of this group there are twelve such spots 
and probably also on the type, but they do not show plainly.) 

Structural Characteristics: The type is an apterous male. The 
vertex of the head with a deep pit behind a middle line drawn between 
the eyes and a little nearer the inner margin of the eye than the median 
longitudinal line. Antennal formula: Ist :2nd : 3rd :4th::7 :5.3* 
57 :5.6. 

First antennal segment not much incrassate and its tip surpassing 
rear margin of the eye. Front femora slightly indented on anterior 
margin. Hind femora and tibia are longest, the femora unarmed or 
incrassate. Front tibia : front femur ::11 :11—; middle tibia : middle 
femur :: 13.5 .:13; hind tibia: hind femur::20:15. (In the above 
measurements I used the greatest length of the femur.) Front tarsus 
is .95 mm. long, the third segment longest; the middle tarsus is 1.5 mm. 
long, the first segment .3 mm., the second .5 mm., the third .7 mm.; 
the hind tarsus is 1.7 mm. long, the first segment .2—-mm. the others 
equal in length. (In the above I have used the greatest length of the 
third tarsal segment.) I find difficulty in understanding Doctor Kirk- 
aldy’s description: ‘‘Anterior tibia one-tenth longer than the femur, and 
twice as long as the second, which is twice as long as the first. Inter- 
mediate tibia one-fifth longer than the femur and one-fourth longer 
than the tarsus, third tarsal segment one-half longer than the second, 
the latter three and one-half times longer than the first. Posterior 
tibia one-half longer than the femur, and two and one-third longer 
than the tarsus, second and third tarsal segments subequal, each 
about four and one-half times as long as the first.” 

Prothorax is constricted in the middle and on the anterior part of 
the pronotum there is an oblique depression either side of the median 
carina. Rear margin of pronotum semicircular. The connexivum is 
rather broad, the width a little more than half the dorsum, and nearly 
erect. The caudal end of connexivum produced about one-third the 
length of the last abdominal segment and not sharply pointed. The 
dorsum of the last abdominal segment (preceding the genital segments) 
with a depression on either side. The last ventral abdominal segment 
is faintly tricarinate, the median ridge being slightly produced bevond 
the rear margin. Last genital segment slightly emarginate at dorso- 
distal margin. Genital segments more hairy than other parts of the 
body. A strong pit on each coxa, beneath and near the distal margin. 
No stridular area visible on hind femora or margin of abdomen. For 
drawings see Plate I, Figures 9 and 11. 








*Not counting the small intersegment. 
tCounting the small intersegment between 2nd and 3rd. 
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Velia osborniana Kirkaldy = Velia brunnea Osborn. 


Doctor Herbert Osborn kindly sent one of his paratypes for 
examination. I find that the male genital claspers are very 
close to Velia inveruglas Kirkaldy. The antennal formula of 
the male sent to me by Doctor Osborn follows: Ist:2nd :3rd:4th: : 
9:7.5:5.5:7. The suranal plate hooks appear to be a little 
longer than in Kirkaldy’s wingless V. inveruglas. I have, 
however, a small series of specimens from Marcapata, Peru, 
in which the wingless male hooks have a spread of only three- 
fifths that of the winged form. It may be that the winged 
forms have longer hooks than the wingless. I believe that 
certain specimens with the humeri and entire surface of pro- 
notum back of them orange-yellow belong to this species 
which, typically, has only the margin of the pronotum behind 
the humeri pale; one such specimen comes from Chaco, Bolivia, 
and belongs to the Museum at Stockholm. 


Velia boliviana Breddin. 


The measurements given by the author fit very closely some 
of the specimens above and may apply to those with the large 
orange-yellow areas on the pronotum. It is certain that this 
species and the two above are exceedingly close. Those 
described below are new. 


Velia flavomarginata species new. 


Size: Length, 8.4 mm.; width of head, 1.6 mm.; width across 
humeri, 2.8 mm. 

Color: General color nearly black, including antennz and legs. 
Pronotum margined all around with an orange-yellow band. Margin 
of connexivum also orange-yellow. 

Structural Characteristics: Head, with vertex short nearly flat; 
front of moderate length. Front margin of pronotum narrower than 
the head. Antero-lateral margins diverging to the humeri, but mark- 
edly constricted in the middle. Median longitudinal carina present; 
disk of pronotum higher than the humeri which are elevated. Portion 
of pronotum behind the middle of the humeri plainly longer than that 
in front; rear margin broadly rounded. Connexivum ending caudally 
in a stout sharp projection, longer than last dorsal abdominal segment. 
Only two antennal segments present on any of the four specimens, 
formula for them: Ist :2nd::8:7. 

Hind legs longest and about equal in diameter. Distal tarsal 
segment of front and middle legs longest; middle tarsal segment of 
hind legs longest. Suranal plate hooks of male short, flat, incon- 
spicuous. Clasper as shown in figure. 
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Described from four specimens (two males and two females), 
three of which are winged. They bear the following label: 
“‘Cardil® centr. (Colombie) Passo del quintio Dr. O. Thieme, 
1877.’’ Types in the British Museum. 


Velia columbiensis species new. 


Size: Length, 9 mm.; width across the eyes, 2—mm.; width 
across the humeri, 2.4 mm. in the apterous form; width across the 
widest part of thorax 2.8 mm. 

Color: Body black, rear margin of pronotum orange-yellow. 
Head and lateral margins of pronotum clothed with silvery pubescense. 
Golden pubescence on abdomen, most pronounced on the connexivum. 
Antenna and legs brown. 

Structural Characteristics: Related to preceding species but having 
connexivum produced caudally but very slightly. Pronotum behind 
the median line of humeri little if any longer than that in front. Disk 
of pronotum not higher than the humeri. Antennal segments and 
legs relatively shorter than in preceding species. Only two antennal 
segments remaining on the two specimens at hand: Ist :2nd::7.5: 
6.5, in the female. In the male the first segment is longer. The 
suranal plate hooks and the claspers of the male as shown in the 
figures. (Plate I. Figs. 3 and 4). 


Described from two wingless specimens, a male and a female, 


from Columbia. The male bears the label, ‘‘Columbia Goudot 
Coll. 1846-20.”’ 


EXPLANATION OF PLATE I. 


Concerning Velia inveruglas Kirkaldy and Related Forms. 
(Veliidae-Hemiptera. ) 


Fig. 1. Left genital clasper of male Velia inveruglas Kirkaldy showing it in as 
flat a view as possible. 

Fig. 2. Suranal plate hooks on male of Velia flavomarginata sp. new. 

Fig. 3. Suranal plate hooks on male of Velia colombiensis sp. new. 

Fig. 4. Left genital clasper of male of Velia columbiensis sp. new. Same view as 
in Figure 1. 

Fig. 5. Suranal plate hooks on male of Velia inveruglas Kirkaldy. Specimen of 


my determination. 

Fig. 6. Suranal plate hooks on male of Velia osborniana Kirkaldy (= Velia 
brunnea Osborn) drawn from a paratype. 

Fig. 7. Side view of male genital segments of the paratype of Velia brunnea 
Osborn. Shows the hook on the suranal plate and the left clasper. 

Fig. 8. Left genital clasper of male of Velia flavomarginata. 

Fig. 9. Sketch of the type of Velia inveruglas Kirkaldy sp. new. (Dorsal view.) 
I have shown both the suranal hooks and claspers. 

Fig. 10. Rear view of the tip of Velia brunnea Osborn paratype. 

Fig. 11. Side view of the male genital segment of the type of Velia inveruglas 
Kirkaldy. In this sketch I did not show the suranal hooks. At the 
right is a free-hand sketch of the tip of the clasper seen from the rear. 
Another view of this clasper would look like Figure 1. 

Fig. 12. Hind leg of the type of Velia albotrimaculata Kirk. 

. 13. Velia albotrimaculata Kirkaldy—sketch of type in Brussels Museum. 
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OBSERVATIONS ON THE BIOLOGY OF PROTORTONIA 
PRIMITIVA (COCCID). 


FRANZ SCHRADER, 


Bryn Mawr College, Bryn Mawr, Pennsylvania. 


The problem of the interrelationship of the various forms of 
Coccide still presents so many questions that any generalization 
on the broader aspects of their phylogeny still rests on a very 
insecure basis. It is true that in recent years the taxonomy of _ 
the group has been attacked with a fresh vigor, but most of the 
work of the systematists has naturally been concerned only with 
the external morphology. So far as such studies admit, there 
seems to be common agreement that the most generalized of the 
Coccidez, and those perhaps closest to an ancestral type, are 
represented by the Monophlebine (or more comprehensively 
the Margarodide of Morrison, ’28). Any further light thrown 
on that family especially is therefore of interest and it is with 
that justification that the present study of the life cycle of one 
member of the group is given.* 


GENERAL OBSERVATIONS. 


The form under consideration is Protortonia primitiva. It 
was collected during the early part of the years 1928 and 1929 
at the following localities in Guatemala: Antigua, Guatemala 
City, and Salama. The host plant is Urera baccifera, the 
chichicaste of the Indians, which is much used as a hedge plant 
and is very effective in keeping enclosed areas inviolate because 
of its virulent stinging hairs. Not as large as some other 
members of the family, Protortonia primitiva nevertheless 
attains a respectable size, the adult female reaching a length of 
8mm. The colors of the living specimen are black and fiery red, 
so that despite the fine coating of waxy secretion that covers 
the body soon after the molts, the insects are rather conspicuous. 

In none of the collection localities was the host plant heavily 
infected. Moreover, the occurrences were sporadic, so that 


*I am indebted to Dr. Harold Morrison for the identification of the coccid, 
and to Dr. P. C. Standley for the identification of its host plant. To Senor A. 
Gebhardt, of Salama, Guatemala, I give my thanks for a generous hospitality as 
well as aid in the field work. 
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while certain plants in a hedge might carry a colony of the 
insects, adjoining plants were not infected. It may be mentioned 
in this connection that such a comparative scarcity is shared 
by many other Margarodide and most collectors will bear me 
out on that point. So far as Protortonia primitiva is concerned, 
no good explanation of this finding is available. There can be 
no competition for food in the species, for there is no dearth of 
the host plant. Moreover, the stinging hairs of the plant must 
protect the insects from many of their larger enemies. On the 
other hand, this protection is of course of no avail against 
predaceous Coleoptera and parasitic Hymenoptera, and enemies 
of these types were indeed encountered in small numbers. 
But so far as field observations go, enemies of this kind were not 
present in large enough numbers to constitute a decisive factor 
in the scarcity of Protortonia, although it must be stated that 
this conclusion rests on no systematic and detailed study. 
Two other factors should be mentioned. One is the com- 
paratively small size of the broods of the individual females, 
while the other lies in the conditions of mating, as is pointed 
out below. 


MATING. 


Copulation occurs readily if both the male and female are 
at the right stage and in good condition. Unlike the females 
of certain other Coccide, that of Protortonia primitiva does not 
mate until after the third molt, when it has reached the adult 
stage. Immediately after this molt, the female arches the 
abdomen over its back so that the genital opening, which 
normally is in a ventral position, is brought to the dorsal side. 
This posture is held for some time and is held even when the 
female begins to wander restlessly about the plant after waiting 
quietly for one or two days. 

The adult male does not go through any courting move- 
ments. Most males become aware of the proximity of an adult 
female only when very close to it, and so far as can be deter- 
mined by observation, remain oblivious to it if the distance 
separating them is greater than an inch. The male’s approach 
does not seem to depend on sight alone, for the male becomes 
excited even when the female happens to be located on the 
opposite surface of the leaf. The act of copulation is simple, 
the male crawling on to the back of the relatively much larger 
female, approaching the posterior end, where it takes a position 
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facing in the same direction as the female, and bending its 
abdomen around to the ventral side of the latter. The arched 
or recurved position of the abdomen of the female is given up 
as soon as its body is touched by the approaching male and 
during the actual copulation only the tip or posterior end is 
raised slightly off the supporting surface. The male, while 
copulating, throws both wings forward so that in the extreme 
cases the under surfaces of the wings are resting on the back or 
sides of the female. The time of copulation is variable, lasting 
from 10 to 40 minutes, the average time for 19 copulations 
being a fraction less than 22 minutes. 

Both the male and the female may undergo copulation 
repeatedly. One male mated three times in the space of 35 
minutes, but the duration of each of these was short. Usually 
one copulation is not followed immediately by another and a 
more normal case is that of a male which mated five times in the 
space of 7 days. Females may also copulate repeatedly with 
the same or different males and one female was observed to 
mate three times within one hour. 

However, in about 4 days after copulation, the fertilized 
female begins to form its egg sac, which in covering up the 
genital opening makes further mating impossible. This egg sac 
is in the form of an irregular mass of waxy threads formed in the 
vicinity of the genital opening and does not have the definite 
and beautiful shape seen in various species of Icerya. At the 
time of its formation, other wax glands distributed over the rest 
of the body also become active and shorter threads may finally 
envelop the entire body of the female. If mating does not take - 
place, the female does not form this cottony egg sac so soon, but 
finally, at the end of 9 or 10 days. it also begins to secrete this 
mass of waxy threads that make copulation impossible. It will 
be seen, therefore, that the time in which the female can be 
fertilized is relatively short and indeed it is possible that some 
type of degeneration sets in before the end of this short period 
for one female which mated 6 days after molting produced no 
young. Since the adult male lives only from 2 to 7 days (the 
adult life of 6 males averaged 5days) it is possible that in these 
short periods of reproductive effectiveness in the two sexes we 
have a factor which is in part accountable for the scarcity of the 
species, especially when it is considered that the colonies are 
small and scattered, and the flight of the adult male is weak and 
cumbersome. 
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EGG-LAYING AND PARTHENOGENESIS. 


The fertilized female usually seeks a crevice in the bark of 
the host plant soon after copulation. The eggs are laid into 
the cottony mass or egg sac which has been formed previously, 
the first eggs being extruded in from 4 to 5 days after copulation, 
(in 8 females this time averaged 414 days). The female 
Protortonia does not feed after its last molt, so that nearly all 
the materials necessary in the growth period of the eggs (the 
eggs of females in the third instar are still very small) must be 
present in the body at that time. The number of eggs laid is 
relatively small, three females under observation producing 16, 
50 and 65 eggs, respectively. It is quite possible that these 
numbers are often exceeded and to some extent there is correla- 
tion between the size of the female and the number of its eggs. 

The unmated females also lay eggs, although in much smaller 
numbers, (4 unmated females laid 2, 6, 13 and 20 eggs, respec- 
tively). Externally these eggs appear quite like the fertilized 
eggs, but cytological examination shows that they undergo no 
development. Of 25 unmated females, not one laid eggs that 
produced young. It is therefore evident that parthenogenesis 
does not occur in Protortonia primitiva. 


THE STAGES FROM EGG TO ADULT. 


The following data represent an outline of the study of the 
brood of a single female. No such careful records were kept 
of other broods, but enough information was gathered to show 
that the one here in question is typical. 

The brood consisted of 60 first instars or larve, of which 49 
were raised successfully to the adult stage. The temperature 
during the period of observation varied from 65° to slightly over 
100° F., the average being in the neighborhood of 78.° 

Before taking up the various instars of the insect, some 
reference to conditions in the eggs before hatching is called for. 
As is well known, in most of the coccids sufficiently studied, 
development goes on to a variable extent in the body of the 
mother. In many cases the embryo has already undergone 
the turning or revolution of its body when the egg is extruded. 
Such is not the case in Protortonia primitiva. There even the 
earliest cleavage divisions seem to take place after the egg has 
been laid, and the female plainly is not viviparous. In this 
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respect, therefore, the conditions resemble those of more 
primitive insects. 

The reproductive system itself is however very much like 
that of other margarodids. The vagina, a short distance from 
the genital opening, gives rise to two oviducts. These in turn 
are continuous with two ovarian tubes to which the ova and 
their nurse cells are directly attached. Communicating with 
the vagina is a small pocket which has every appearance of a 
spermatheca. In the majority of insects, sperms are stored in 





Fic. 1. Reproductive system of a female of Protortonia primitiva 
in the third instar 


the spermatheca and are released in small numbers as the eggs 

pass the spermathecal opening. But in the present case, the © 
sperms are not retained in this pocket, but travel up the entire 
length of both ovarian tubes. Therefore it is likely that in most 
cases the eggs have already been fertilized when they pass the 
spermathecal opening to be extruded. Accessory glands such 
as have been described in other groups of the Coccidz (Berlesi, 
09) are not present in Protortonia. It is probable that as in 
some other margarodids, their function is taken over by the 
numerous excrescences of glandular tissue covering a large region 
of the lower part of the reproductive duct. (See text figure). 
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A feature that may be peculiar to margarodids is to be found 
in the fact that the two ovarian tubes come together and fuse 
anteriorly. 

The first larve hatched from the eggs in 23 days. The 
average duration of the period between egg laying and hatching 
was 24 days. These first instars were quite active, migrating 
to the finer branches and the under side of the leaves before 
attaching themselves. Once attached, this as well as later 
instars seldom moved before the following molt, although in a 
very few cases such shifts in position were observed. 

The earliest first molt occurred 15 days after the first eggs 
had hatched, but the average duration of this first instar was 
20 days. In molting, the old skin splits in the midline of the 
anterior half of the dorsal side and this split may extend around 
the head to the ventral side. The process of molting may last 
six hours or longer. 

The second instars after the molt just mentioned, show a 
tendency to migrate from the leaves to somewhat stouter 
branches. The shortest duration of the second instar was 11 
days. The average duration of this instar was 14 days. The 
second molt, which terminates the second instar, takes place 
just like the first molt. 

Following this molt, the practiced eye can distinguish males 
from females by casual examination, the males being longer and 
flatter. The further history is different for the two sexes, the 
female undergoing only one more molt before reaching the adult 
stage, while the male goes through two more molts. The first 
female to go through its last molt did so 17 days after the 
earliest second molt. The average female spent 22 days as a 
third instar. The males, after their second molt, migrate to a 
crevice or dark corner where, after one or two days, they secrete 
a mass of wax threads to form a cocoon, which completely hides 
them from view. In this cocoon they undergo the two molts 
mentioned above. The first male emerging as the winged 
adult, passed through its third and fourth instars in 16 days. 
The average duration of these two instars taken together was 
20 days. 

Counting the adult stage, the female thus has a total of four 
instars, while the male has five. Nevertheless, the time interval 
between the copulation of the parents and the attainment of the 
adult stage by their offspring was almost identical for the two 
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sexes. The first male passed through this whole cycle in 74 
days, while the first female completed it in 70 days. The average 
time for male and female respectively was 83 and 85 days. 

This must be considered as a rapid development for one of 
the Margarodide. In some cases, two generations could easily 
be completed in the course of the tropical dry season, and that 
reproduction is continuous is vouched for by the fact that first 
as well as all other instars were found all through the early 
months of the year. Unfortunately no information is available 
as to reproduction and development during the rainy season, but 
judging from observations on certain other margarodids, there 
is probably no cessation of growth during that period. In other 
words, it seems safe to conclude that two or more generations 
are completed in the course of a year. 


THE SEX RATIO. 


Of the 49 individuals reared to the adult stage, 21 were males 
and 28 were females. That does not indicate an exceptional 
scarcity of individuals of either sex and such a sex ratio hardly 
justifies the hypothesis that special processes of reproduction 
and sex determination obtain in the species. 

A conclusion exactly opposite might have been arrived at if 
no controlled breeding experiment had been made. Previous 
workers had never seen the male of either of the two known 
species of Protortonia. Indeed, no adult males were observed 
in the field in the course of the present investigations, while 
only three males in the third and fourth instars were seen. 
To some extent such a scarcity of males may be due to their 
short life period, as well as their small size. Nevertheless, the 
white cocoons of the males in their third and fourth instars are 
rather conspicuous and failure to find them must in the main be 
attributed to the hiding propensities of the males after their 
second molt. The case illustrates once more the absolute 
necessity of carefully conducted breeding experiments before 
any conclusion about reproduction and sex determination in the 
Coccide is made. . 
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HIGH-ALTITUDE SYRPHIDAZ WITH DESCRIPTIONS OF 
NEW SPECIES (DIPTERA). 


C. L. FLUKE, JrR., 


University of Wisconsin. 


Pingree Park is a beautiful mountain park which is situated 
about 50 miles west of Fort Collins, Colo. It has an altitude of 
9,000 feet and lies near the base of the Mummy Range, a part 
of the Continental Divide. 

The Park is about two or three miles long and half a mile 
across at its widest point. A creek meanders through the 
park and eventually empties into the Cache la Poudre river. 
On one side of the park slightly elevated above the general 
surrounding territory is a small pond, known as the ‘“‘lily 
pond.’’ Entomophilous flora abounds in this vicinity, offer- 
ing an unusually favorable and delightful spot for collecting 
Hymenoptera and Diptera. The banks of the creek also are 
especially good and it was in the vicinity of the creek in an old 
pasture which was dotted here and there with small shallow 
holes, some semi-dry, others with a little water in them, that the 
species of Helophilus were so abundant. 

At the upper end of the Park the country is more rugged 
with many trees, some swamps, and small beaver ponds. 
In the more open wooded sections Arctophila flagrans and 
Syrphus lotus were quite common. A. flagrans was very 
difficult to capture as the ground was rough and brushy, making 
it almost impossible to creep upon the specimens. 

The following is a complete list of all the species collected 
in 1924 and 1925. Most of the specimens were collected by 
the author, although Mr. Beamer added considerable to the 
list. The list is arranged alphabetically for convenience. 

Allograpta obliqua O. S., Arctophila flagrans O. S. (10 specimens), 
Asemosyrphus mexicanus Wied. (1 female, Beamer). 

Cartosyrphus tristis Lw. (88 females, 2 males). 

Chrysotoxum ventricosum Lw. (2 females). 

Didea fasciata Macq. 
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Epistrophe interruptus Mall. (1 male), E. dineola Zett., (female), 
E. mediaconstrictus n. sp., E. pullullus Snow. Eristalis anthorphorinus 
Fall., E. brousi Will., E. compactus Walk. (6 specimens), E. flavipes 
Walk., E. latifrons Lw., E. temporalis Thom., E. tenax L., Eumerus 
strigatus Lw. (1 male), Eupeodes volucris O. S. 

Helophilus borealis Staeg. (1 male), H. groenlandicus O. F. (90 
specimens), H. latifrons Lw., H. obscurus Lw. 

Lejops perfidiosus Hunter, (1 male). 

Melanostoma coerulescens Will., M. kelloggi Snow (5 females), 
M. obscurum var. rostratum Bigot, M. stegnum Say, M. spp., (3 species, 
one near concinnum Sn.), Mesogramma marginata Say. 

Paragus bicolor F., P. tibialis Fall, Parhelophilus laetus Lw., Pipisa 
quadrimaculata Panz. (1 female), Platychirus hyperboreus Steag., P. pelta- 
toides Cur. (3 females), P. sp., Pyrophaena granditarsis Forst. (1 female). 

Sericomyia militaris Walk., Sphaerophoria cylindrica Say, S. nigra- 
tarsi n. sp., S. scripta L., Sphegina infuscata Lw. (1 female). Syritta 
pipiens L., Syrphus amalopis O. S., S. lapponicus Zett., S. lebanoensis 
n. sp., S. lotus Will., S. meadii Jones, S. montivagus Snow, S. opinator 
O.S. (Forty-two specimens, including 16 specimens of a variety which 
has the abdominal bands reaching the side margins, nearly all by their 
entire width. All are females). S. perplexus Osb., S. pingreensis n. sp., 
S. pyrastri L., S. ribesii L. (1 female), S. snowi Wehr., S. torvus O. 5., 
S. wiedemanni, John. (1 female only). 


X ylota notha Will. (2 specimens), X. pigra Fabr., X. sp. 


Epistrophe Walker. 


Curran, in his recent work published in the Kansas Uni- 
versity Science Bulletin (15: 7-216, 1924) has recognized the 
genus Epistrophe separate from Syrphus principally on the 
absence of the raised abdominal margins. He also states ‘‘if 
we could eliminate from the face of the earth two or three of 
these species (referring to intermediate forms), our classification 
could be greatly simplified ......... ” The following new 
species of this genus is one of these forms. It can almost be 
placed in Syrphus as well as in Epistrophe but since he con- 
siders bimaculata Lovett and gracilis Cog. as belonging to the 
latter, I prefer to place mediaconstrictus in that genus. He 
notes however that bimaculata is probably a true Syrphus and 
while mediaconstrictus is intermediate it is more nearly related, 
I believe, to gracilis than to bimaculata. For this reason, I 
am placing the species in Epistrophe. It is significant that all 
three are known by the females only. 
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The three species may be separated by the following key. 


1. Spots on the second segment reach the side margins........ bimaculata Lov. 
Spots on the second segment well separated from the side margins. . , 
2. Antenne black, cheeks black with black pile, front not pruinose, legs 
mostly black...... al didn.» Kai ero tensave Meigs e Tialaeals ee aaa gracilis Coq. 
Antenne dark with yellow areas, cheeks yellowish to brownish and pile 
light, front pruinose, legs mostly yellow............ mediaconstrictus n. sp. 


I have not seen either Coquillett’s or Lovett’s species and 
I may be mistaken in the assumed close relationship. 


Epistrophe mediaconstrictus n. sp. 
(Figure 5.) 


Intermediate between gracilis Coq. and bimaculata Lov. 
Face yellow with brown median stripe, front pruinose, scutellum 
black haired; abdomen constricted at the tip of the 3rd segment 
and the base of the 4th segment, only the second segment 
with a pair of spots; caudal end blunt. 


Female: Length,9 mm. Face yellow, with a brown median stripe 
which fades out before reaching the antennz, this brownish area follows 
along ‘the oral opening and over the cheeks, but becomes gradually 
paler; cheeks not as shining as the face. The pile of the face is black 
above, but becomes pale at the brown stripe and around the cheeks. 
Front black with two triangular pruinose spots which continue along 
eye margins; this area, however, is distinctly separated in the middle 
by a dark shining line. At the base of the antennze there is a distinct 
conspicuous honey-yellow crescent; antennal pits yellow; antennz 
brown, first segment almost yellow, underside of others lighter, arista 
brown, shorter than antennez. Pile of front black; occiput yellow, 
white below. Facial tubercle prominent; eyes bare. 

Thorax sub-shining bluish-bronze, pile all light; scutellum trans- 
lucent yellow, the corners black; pile all black except the overhanging 
fringe, which is light. 

Abdomen sub-shining black with one pair of yellow spots on second 
segment. These spots are widely separated and do not reach the 
lateral margin. They are rounded on their median ends, but acute on 
their outer ends. Narrow yellow margins on the apices of the 4th and 
5th segments, which do not reach the sides on the 4th segment. There 
is a very faint median or opaque line on the 4th and 5th segments. 
Pile short and black except on yellow of 2nd segment and on first 
segment. Venter mostly black, yellow on the margins; the pile long 
and light on Ist and 2nd sternites, most of the rest is short black, and 
appressed, except longer on 5th and 6th segments. 

The most characteristic feature of the species is the constriction 
of the abdomen at the base of the 4th segment. The caudal end is 
nearly squared off with the exception of the very narrow extrusion of the - 
6th, 7th and 8th segments. 
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S. pingreen sis 


E. media constrictus S. monty Vagus 


Abdominal patterns of Colorado Syrphide. 
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Legs with the basal half of front and middle femora, all but tip of 
hind femora, and a rather definite ring on hind tibia, black; rest of the 
legs yellowish to brownish. 

Pile of front femora mostly yellow at base, blacker and shorter near 
tip; on middle femora the pile is thicker and blacker; hind femora with 
short and long pile, mostly black. 

Wings hyaline, stigma brownish, 3rd longitudinal vein considerably 
curved. 

Length, 9 mm. 


Described from 2 females, holotype in Kansas University 
Collection, collected at Pingree Park, Colorado, August 16-21, 


1925, by R. H. Beamer: paratype same place and date (C. L. 
Fluke), in collection of the author. The paratype is in every 
respect similar to the type except that the former is slightly 
teneral. 


Syrphus pingreensis n. sp. 
(Figure 1.) 


Eyes with very short white pile, faintly so in the male; 
face with brownish stripe; abdominal bands entire except Ist, 
sub-interrupted in some cases, only the 1st band on the females 
reaches the margins. Length 9 to 11.5 mm. 


Female: Eyes short white pilous, face yellow with a conspicuous 
brown to blackish line which does not reach the base of the antenne, 
broadens out gradually to the oral opening and passes down the sides 
of the mouth only a short distance; cheeks black, but separated from 
the facial line and also separated below the mouth; pile of the face is 
mostly black but is paler below and along the eye margins, heavier and 
blacker along the sides of the antenna; pile on the cheeks and below the 
oral opening white, continued white along the occiput, but yellow above 
on the vertex, pile of front all black. Front rather broad, dark shining, 
with a broad wide Y-shaped marking above the antenne; this is distinctly 
separated by a yellow area from the two distinct black dots which are 
immediately above the base of the antennz; these spots are shining 
and devoid of pile. Antenne rather large for a Syrphus, about the size 
of those on vinelandi, oval and dark, with. light areas beneath each 
segment, arista rather thickened. 

Thorax shining with bronze reflections, pile rather heavy and all 
tawny, scutellum yellowish with long tawny pile, but with a few black 
hairs intermixed. 

Abdomen broadly oval, black, partly shining, with three yellow 
undulate moderately broad cross-bands. First band interrupted by a 
distance less than the width of the band, reaching the side margins by 
the extreme anterior corners, broader than the two following ones. 
Band on third segment undulated, distinctly separated from the side 
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margins and does not touch segment in front; in some specimens sub- 
interrupted, with the rear margin cut in rather deeply. Next band 
similar, nearer basal margin of segment, yet distinctly separated the 
entire distance. Posterior margins of segments four and five, and the 
anterior corners of five yellow. Venter with distinct black bands on 
sternites two and three, indeterminate on the others. 

Legs yellow with the following black areas: cox, trochanters, a little 
more than the basal third of front femora, a little less than a third of 
the middle femora, all but the tip of the hind femora, and the upper 
sides of the outer four segments of the hind tarsi. The hind tibiz and 
the tip of the hind basitarsi dusky; the front and middle tarsi, except 
basitarsi brownish. Pile of legs mostly black, rather heavy on outer 
sides, bent forward at the tips of the hairs. 

Wings hyaline; squamz pale, but the rather long pile on the edges is 
tawny, disc lightly pilose. 

Male: Similar; the specimens before me are slightly smaller than 
the females. The pile of the face darker and a little longer. The black 
of the cheeks more brownish and connected to the oral margins. The 
pilosity of the eyes is sparse. Abdomen darker, the first band seldom 
reaches the side margins, all the sternites with black bands. Legs 
much darker, the black of the femora more extensive and the yellow 
areas almost brownish. Pile on the sternites long and mostly blackish 
beyond the second segment. 


This species is very closely related to meadii Jones, canaden- 
sis Curran, and nitens Zett. If the pile of the eyes is rubbed off 
or is not carefully looked for the species very much resembles 
meadit Jones. As nilens Zett. does not occur in this country 
we have only to distinguish pingreensis from: meadii Jones, and 
canadensis Curran. Another very good character, at least in 
all the female specimens I have examined, is the color of the 
long hairs on the 3rd sternite. In pingreensis this is mostly 
black while in meadii it is usually sparce and whitish. In the 
latter the pile of the face is less extensively black. In cana- 
densis the spots on the 2nd segment are separated from the side 
margins (female). If the eyes are pilose there should be no 
question as to the determination of the species when these are 
concerned. 


I have at hand another female sent to me by Mr. Curran 
which was collected at Victoria, B. C., May 16, 1916, by R. C. 
Treherne. This specimen, I believe, is the same although the 
pile on the eyes is definitely evident only on the lower corner 
of the left eye; apparently the rest has been rubbed off. It is 
also a little lighter in color especially the hind legs, but I believe 
the specimen is slightly teneral. 
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Holotype female collected by the author at Pingree Park, 
Colorado, August 16-21, 1925, in the collection of the author. 
Allotype male same data. 


Paratypes as follows: 3 males and 2 females, same data as 
the type in the collection of the author; a male collected May 31, 
1926, at Seton Lake, Lillooet, B. C., by J. McDunnough and a 
female collected, May 16, 1916, at Victoria, B. C., by R. C. 
Treherne in the Canadian Nat. Collection; a female Pingree 
Park, August 16-21, 1925, (Beamer) in the collection of the 
University of Kansas. 


Syrphus lebanoensis n. sp. 
(Figure 2.) 


Eyes bare. Face entirely yellow, abdomen with broad 
yellow crossbands which do not reach the side margins except 
the pair of spots on the second segment. Front of male yellow. 


Male: Length, 10-11mm. Eyes glabrous. Face and front yellow. 
In one specimen there is a narrow brownish arc above the antennz. 
The oral edges are very lightly brownish, but the rather prominent 
rounded tubercle is entirely yellow. The cheeks are black, but are 
separated below the mouth by a distinct and a broad yellow area. The 
pile is mostly whitish to yellowish, moderately heavy, but is black on 
the front along the sides of the antennz, and on an area on each side 
of the tubercle; in one specimen the facial pile is mostly black. ‘The 
facial line is glabrous. Pile on the cheeks white, on the occiput, white 
below, yellow above. Vertex black with black pile. Antennz brown- 
ish, yellowish below, third joint oval and rather large; arista brown, 
not much longer than third segment. 

Thorax dark blue shining with light brownish kinky pile. Scutellum 
yellowish, obscurely blackish at the basal corners, pile mostly black and 
also kinky. 

First segment of the abdomen shining bluish; second segment 
with a pair of large yellow spots which occupy the center of the segment 
and are a little wider than half the width of the segment, separated by 
about half their width, and reach the side margins by their corners 
only; third segment with a broad, non-interrupted yellow band which is 
well separated from the anterior margin of the segment and from the 
side margins, the band is straight on the anterior edge and broadly 
although not deeply cut in on the posterior margin, about as wide as 
one-half the width of the segment; fourth segment similar except the 
band is smaller, and cut in posteriorly a trifle more; posterior margins 
of fourth and fifth segments and the anterior corners of the fifth also 
yellow. The black areas of the abdomen are sub-shining, although 
more shining on the posterior margins of the segments. 
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Second, third, and fourth sternites with distinct black bars, first 
with a black spot; the long pile on these sternites rather abundant, 
yellowish and kinky, except on the fourth, where it is sparse and mostly 
black. The short appressed hairs on the 3rd and 4th sternites are 
quite numerous and black. 

Legs yellowish or reddish except the coxa, trochanters, and the 
basal one-third to one-half of the front femora and the basal two-thirds 
to three-fourths of the hind femora. At the extreme bases of the hind 
femora there is a yellowish ring which is more obscure on the others. 
The pile is mostly yellowish except on the hind legs, where it is nearly 
all black. 

Wings hyaline, stigma light brownish. The squamz pale with 
rather long brownish pile on the edges, pilose on the disc; the plumule 
with whitish hair. 

Female: Quite similar; the pile on the face is more yellowish and 
there are very few or no long hairs on the third and fourth sternites. 
Front is yellow just above the antennz to the indefinite black line of the 
ocellar areas. In the single female from Colorado there is a rather 
definite Y-shaped marking on the front, the two arms of the Y reaching 
to the bases of the antenne. Legs all yellow except the coxe and 
trochanters. 


Type female Seton Lake, Lillooet, B. C., June 27, 1926 
(J. McDunnough) in Canadian National Collection. Allotype 
male Keremeos, B. C., June 20, 1923 (C. B. Garrett) in the 
collection of the author. 

Paratypes as follows: one female (Seton Lake, Lillooet, 
B. C., June 27, 1926. J. McDunnough); two females Keremeos, 
B. C., June 27 and 30, 1923 (C. B. Garrett) ; one female Anderson 
Lake, D’Arcy, B. C., June 17 (J. McDunnough), one male 
Keremeos, B. C., June 30, 1923 (C. B. Garrett) in the Canadian 
National Collection; also one male Keremeos, B. C., June 20, 
1923 (Garrett); one female Pingree Park, Colorado, August 21, 
1924 (Fluke) and one female Pingree Park, Colorado, August 
16-21, 1925 (Fluke) in the collection of the author. 

This species, superficially, resembles wiedemanni, but the 
face is entirely yellow; from opinator it is easily separated on 
the size and shape of the abdominal bands, the black cheeks 
and the absence of hairs on the disc of the squame. 


Syrphus meadii Jones. 


Male: Frontal triangle yellow with two black dots above the 
antennz, pile rather conspicuous and black; extending down the sides, 
next to the eye margins, to a point just opposite to the upper black tip 
of the facial line. Face pure yellow with a distinct black shining stripe 
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over the knob and joined to the black oral margin. Cheeks also black 
and connected to the facial stripe with little yellow between eyes or 
mouth edge; but distinctly interrupted below the mouth edge; pile of 
lower part of face and cheeks all pale. Vertex black with black pile, 
yellow behind and pale above and below on the occiput. Antenne dark. 
but considerably lighter on the underside; in some specimens the third 
segment is almost blackish brqwn. 

Thorax shining greenish to bluish, pile all pale whitish to tawny; 
scutellum yellow with extreme basal corners dark, pile intermixed with 
yellow and black, mostly dark on disk. 

Abdomen mostly shining black with yellow undulating crossbands, 
considerably separated from the side margins; the yellow does not 
even reach the rolled edges on segments three and four. The spots on 
the second segment are rounded and separated by nearly their width, 
pile mostly pale on the sides. Bands on third and fourth segments 
beautifully undulated and greatly emarginated in the middle, although 
none of them are completely separated; only occasionally is there an 
anterior projection in the middle. Band on fourth segment separated 
from rear margin of segment three. Rear margins of the fourth and 
fifth segments yellow; there is also a pair of spots on the anterior corners 
of segment five.’ The pile is black along the side margins of these 
segments. Venter with distinct black rectangular spots. 

Legs yellow with the following black areas; the basal third of the 
anterior’ femora, the basal two-thirds of the rear femora, and the hind 
tarsi above. The hind tibia and fore tarsi above are fuscous. 

Wings hyaline with brownish stigmal spot. 

Length 10 to 12 mm. 


The female is very similar except the yellow of the legs and 
face is more extensive, there being no connection of the facial 
line with the black of the cheeks. Described from specimens 
collected at Pingree Park and compared with the type by 
C. R. Jones, who determined them as conspecific with his 
species. 


Syrphus montivagus Snow. 
(Figure 4.) 
Kans. Univ. Quart. 3: 236, 1893. 

Characterized by the broad dark red crossbands, somewhat 
narrower in the female. These bands have no indication of 
yellow. 

Female: Length, 9 to 10 mm. Face yellow, with a rather 
prominent tubercle which is brownish to blackish. Cheeks shining 
black, connected to the rather broad black margin which is also black 


below the mouth opening. Pile of face sparse, short and yellowish, also 
yellowish but longer on the cheeks, rather short and whitish on the 
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occiput below, tawny above. Front obscurely marked, vertex black and 
extended in a narrow median irregular line toward the antennz, but 
widely separated from them by a yellow area which has two black dots 
just above the bases of the antennz. In one specimen these spots are 
almost obscure. Pile of front not very long but black, the black hairs 
also found along the sides of the antennz. Antenne brownish, lighter 
on the under sides, 3rd segment rather large and oval, arista thick, 
shorter than the length of the antennz. Eyes almost bare; there are a 
very few extremely short white hairs on the eyes; these show up in good 
light under a high power binocular. 

Thorax dark sub-shining, scutellum dark opalescent, black at the 
basal corners. Pile rather heavy and tawny, with a few black hairs 
on the scutellum. Pile of pleurz rather sparse, tawny. Squamez pale, 
disc pilose, hairs on edges light brown. 

Abdomen broadly oval with dark blood-red crossbands. Band on 
2nd segment interrupted by about the width of the band, reaching the 
side margins obscurely by the extreme anterior corners only. Next 
crossband broad, almost touching the preceding segment, sub- 
interrupted in the middle by a deep posterior notch, reaching obscurely 
the anterior side margins. Band on the 4th segment similar except it 
touches the posterior margin of segment three its entire length, excepting 
a small area on the anterior corners only. This band is broadly notched 
posteriorly and reaches the side margins anteriorly. Posterior margin 
of segment four and all of the following segments red. Venter mostly 
red with black areas on the anterior sternites. The ventral part of the 
side margins is largely black. Pile rather long and light in color on the 
2nd sternite, sparse and whitish on 3rd. The short black appressed 
tiny bristles numerous. 

Legs reddish with the following definite black areas: coxe, 
trochanters, basal third of front and middle femora, and basal two- 
thirds of hind femora. The upper sides of the outer tarsal segments 
brownish. 

Wings hyaline with the stigma brownish, continued to base of wing. 


Three female specimens, two taken at Pingree Park, Colo., 
August 16-21, 1925, by the author, and the other, same date and 
locality collected by Beamer, in collection of University of 
Kansas. 


This beautiful species is easily recognized by the blood-red 
color of the abdominal bands. 

For sometime I considered these females as a distinct 
species but a careful comparison with two male specimens of 
the original lot of forty males collected by Snow seem to show 
that these are the females of Snow’s species. It is interesting to 
note that the males were taken at Estes Park in August 1892, 
and to my knowledge not heard of since. The females were 








1930] Fluke: Colorado Syrphide 143 


caught at Pingree Park, only about a dozen miles away from 
Estes Park. I searched diligently at the time for males but 


found none. The females were taken near the lodge on dande- 
lion blossoms. 


Sphaerophoria nigratarsi n. sp. 
(Figure 3.) , 
A very slender species with 4 pairs of yellow spots, black 
oral margins (male) and brownish or black tarsi. 


Male: Length, 7.5 mm. Face yellow, but with the tubercle 
brownish; this color is continued down around the oral margins to the 
cheeks, which are black. The pile is all pale, even on the front, which 
is pure yellow in ground color. Vertex black with black pile. Antennz 
brownish to yellowish, arista brown. 

Thorax dull, the yellow side margins distinct to the suture, but 
very indistinct the rest of the way. Scutellum yellow, black at the 
basal corners. Pile of thorax pale, a few black hairs intermixed on the 
scutellum. 

Abdomen black with 4 pairs of yellow spots and with yellow rolled 
side margins. On the fourth segment there is an indication of a con- 
nection of the yellow of the sides with the spots on that segment. All 
the spots are rounded and broadest on their inner margins; the outer 
margins ending in points, all separated from the side margins except as 
noted on segment four. The shape of these spots are like apostrophes 
except those on the 5th segment, where they are exclamation points 
with the points converging apically until they touch at their tips. The 
posterior margin of the fourth segment narrowly, that of the fifth 
broadly yellow. The spots are situated a little anterior of the middle 
of each segment. The two black spots on the dorsum of the 6th segment 
rather prominent. Genitalic segments swollen and brownish, with 
black on the inner margins (those margins touching the sides of the 
venter of the fifth segment). The pile on the styles tawny. Venter 
unicolorous. 

The legs yellow, with the coxae, trochanters and basal one-third or 
one-half of the femora black. All the tarsi black, especially from above. 
Most of the pile is black except on the front tibia and the undersides of 
the tarsi. In one specimen the legs are more extensively dark, the 
hind femora nearly all dusky or black. 


Female: The face is more yellow, only the cheeks black; antennz 
yellowish, the front marked as in other species of this genus; the legs are 
paler, all yellow, including the coxe and trochanters, except the tarsi, 
which are light brownish on the front and middle pair, but darker on the 
hind pair. With the exception of the first pair, which are very narrow, 
the abdominal spots are narrowly connected with the yellow side 
margins. They are all narrow bars, not at all like in the male. 
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In another female (var.) the abdominal bands are broader 
and broadly connected with the sides even the first pair. They 
are all interrupted by a little less than the width of the bands. 


In this female specimen the upper mouth edge is very narrowly 
black. 


This species resembles S. interrupta Jones. It is readily 
separated from this species by the position and shape of the 
narrow abdominal bands and the color of the legs. 

Type male Pingree Park, Colorado, August 23, 1924, 
collected by the author and in his collection. 

Paratypes: One male Pingree Park, Colorado, August 23, 
1924, (Fluke) in the Canadian National Collection. One male 
and one female August 21-23, 1924; one female August 16-21, 
1925, same place; in the collection of the author; two females 
collected by R. H. Beamer at Pingree Park 1925, in the col- 
lection of the University of Kansas. These two specimens are 
similar to the female variety noted above. 

I believe these three last named females belong to nigratarsi 
although they vary considerably from the one female collected 
in 1924. My reasons for retaining the single female as typical 
of the species are based principally on my collecting notes. 
The single female and the three males were all collected on a 
little knoll near the ‘“‘lily pond.’’ On August 21, 1924, one 
male and the female were taken together at the same sweep 
of the net. Two days later at the same spot the other two 
males were caught. A year later collecting in this same region 
revealed the varietal female. Beamer also caught his specimens 
in 1925. 





A SIGNIFICANT FEATURE OF BIOTIC POTENTIAL 
AS RELATED TO INSECT CONTROL. 


C. R. CutTrRicur, 
Agricultural Experiment Station, Wooster, Ohio. 


In reviewing the literature dealing with biotic potential it 
is found that there are two conceptions as to the importance of 
this general idea. Brues, considering it in the light of ultimate 
insect abundance, concludes that it is relatively unimportant 
and that environmental resistance plays the great part in the 
fluctuation and stabilization of insect populations. Many 
illustrations can be given showing that this view is fundament- 
ally correct when time is not considered as a factor. Chapman 
and his students consider that time is of definite importance 
and therefore give to biotic potential a place of much greater 
value. 

Entomologists whose problems are in the economic field find 
themselves obliged to select one or the other of these con- 
ceptions so that- they may plan their research with a definite 
viewpoint in mind. In studying this situation as it applied to 
his particular problems the writer used the following procedure 
as an aid in arriving at a decision. A rectangular diagram was 
constructed to represent in its entirety the possible ranges of 
insect abundance. On this were placed the different insects 
concerned in the problems and as more or less was known 
about their potentialities and their reactions to environmental 
resistance and different control measures some conclusions 
were reached as to the preferred viewpoint. The diagram 
(Fig. 1) may be explained as follows: On the ordinate is plotted 
the entire possible range of environmental resistance as it will 
affect absolute numbers of insects, with all factors unoperative 
at the bottom of the scale and all fully functioning at the top. 
On the abscissa is placed the range of biotic potential graded as 
indicated on the diagram. The position of the potential of any 
insect as determined by Chapman's formula may now be placed 
definitely. For purposes of illustration three insects and one 
mite having a wide variation in their biotic potentials are now 
located on the diagram as shown by the broken lines 1-1., 
2-2., etc. At the left is placed the round-headed apple tree 
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borer, an insect with a very low reproductive capacity. In 
Ohio it requires from two to three years to complete a single 
generation and each female deposits only about 25 eggs. The 
sex ratio in this species is approximately equal. Next is 
placed the codling moth according to its potential as manifest 
in Northern Ohio. Here this insect has one and a half genera- 
tions per year with each female depositing about seventy-five 
eggs. The sex ratio is slightly in favor of the females. The 
European red mite has a much higher potential, each female 
will produce 20-30 eggs and there may be six generations per 
year with the sex ratio about equal. The green apple aphis is 
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Fic. 1. Commercial injury as affected by biotic potential and 
environnent resistance. 


an example of an insect with a very high biotic potential. It 
will reproduce at an average rate of about thirty-five per 
individual, the sex ratio is one, and there may be twelve to 
fifteen generations per year. 

The diagram may now be considered in its entirety. As 
the environmental resistance drops the first group of insects 
that will be noticed as injurious are those with low repro- 
ductive capacities. Insects with high biotic potentials will not 
appear doing commercial damage until the resistance drops 
still further since high biotic potential is always offset by 
greater. environmental resistance. Therefore a line A A drawn 
diagonally across the rectangle is necessary to divide it into two 
sections, one of which represents insects in numbers where no 
injury is evident, or no control needed, and the other in which 
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commercial injury is being done. (Fig. 1) is drawn to illustrate 
the ecological relation existing between environmental resistance 
and biotic potentials of different degrees and is not concerned 
with control measures that may be used against the different 
species. In order to show what takes place when control 
measures are brought upon the scene (Fig. 2) has been developed 
from (Fig. 1). Here the lines B-B; and B-B, indicate what 
takes place when control measures of different degrees of 
efficiency are applied. When a control 94 to 98 percent effective 
is used against an insect with a biotic potential as low as that 
of the round-headed apple tree borer, the insect will undoubtedly 
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Fic. 2. Efficient insect control as affected by boitic potential and 
environment resistance. 


be controlled for that season and usually for from two to five 
years in addition, unless factors such as migration intervene. 
With. the codling moth in northern Ohio a control of 94 to 98 
percent will practically always hold the insect in check for the 
year but for no longer. In the case of the European red mite 
we have many instances in which a 98 percent control at the 
beginning of the season was not sufficient to keep the mite 
population low for the remainder of the year. In these seasons 
environmental resistance was low and during such periods the 
high biotic potential enabled the mite to rapidly increase its 
numbers. What is true for the European red mite is true in 
even greater degree for the green apple aphis where only a few 
weeks of low environmental resistance enable the aphids to 
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increase to outbreak proportions. The lines B-B; and B-B, 
will therefore be placed diagonally across the rectangle with 
B-Bz inclining more toward the horizontal. We now have in 
the rectangle three areas, the first of which we have already 
discussed under ‘‘no control needed.’’ The middle space shows 
the area in which effective control of the insect may be obtained. 
According to the preceding discussion this area is in the shape 
of a cone and the decreasing chances of successful control are 
clearly shown as we proceed toward the higher biotic potentials. 
The third area is that in which no control measure will be 
effective. The chances that a control of from 94 to 98 percent 
effectiveness will fail where the insect concerned has a low 
potential are practically negligible, while in the case of those 
with high potentials such a control amounts to little if the 
environmental resistance is low. 

Certain conclusions that may very well be termed practic- 
able can be drawn from the above study; in the first place 
extension entomologists in giving advice regarding insect control 
must always remember that if the insect has a high potential 
that the chances of recurrent infestation are many and that the 
farmer or grower should be informed of this fact. Second, if a 
research entomologist has determined that the insect with 
which he is dealing possesses a low potential, then he may well 
concentrate on the perfecting of one good control measure for 
such a measure will be successful. If the insect possesses a 
high potential then all possible lines of control must be investi- 
gated and developed if a sure method of control is to be found. 
Third, in so far as economic work is concerned the entomologist 
has no choice but to accept the definition and value assigned to 
biotic potential by Chapman. 
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THE TRACHEAL SYSTEM OF THE LARVA OF 
LISSORHOPTRUS SIMPLEX* 


Dwicut IsELY AND H. H. ScHWarRDT, 
University of Arkansas. 


The immature stages of the rice water weevil, Lissorhoptrus 
simplex (Say), are passed entirely below the water, either in or 
among the roots of rice and other aquatic grasses. The eggs 
are deposited in the roots, and the female beetles will not 
deposit eggs unless these roots are submerged. The small 
larve feed first within the roots in which they hatch, and as 
they grow larger they live in the mud around the roots upon 
which they feed. Pupation takes place in a water-tight cocoon 
attached to a rootlet. The entire time required for passing 
the immature stages in the insectary, from deposition of the 
egg to transformation to the adult stage, may be as brief as 
32 days and as long as 77 days, The remedial measure recom- 
mended is temporary drainage of the rice fields, allowing them 
to dry until the ground cracks. This is very effective in 
destroying the larve. 

Although the entire larval period is normally passed under 
water, the larve cannot obtain an adequate supply of oxygen 
directly from the water. When placed in water free from 
roots, the larve drown, as a rule, within 24 hours. Individuals 
have shown signs of life 60 hours after submergence, but they 
were no longer normally active. The results are the same 
if the larve are placed in clear water or if roots of plants which 
were not previously flooded were placed in water with them. 
On the other hand, larvz placed in moistened cells from which 
there was almost no evaporation and supplied with pieces of 
roots, fed and developed for a time apparently in a normal 
manner. Larve fed in this manner apparently became full 
grown, but always died without formation of the pupal cell. 
It is obvious that although larve are normally submerged 
throughout their entire lives, they can secure an adequate 
supply of oxygen directly from the air. On the other hand, 
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while it is possible that they may derive some oxygen from 
water directly, it seems that this is not sufficient to maintain 
life for a long period. 

The larva of the rice water weevil is whitish, elongate, 
sub-cylindrical, and about 8 mm. in length. Its most striking 
characteristic is the presence of paired dorsal hooks occurring 
on each of the abdominal segments from the second to the 
seventh inclusive. These hooks are curved forward and arise 
from ridges on the last fold of each segment. At first glance, 
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Lissorrhoptrus simplex (Say). 


1. Larva, lateral aspect. 


2. Tracheal system of larva, lateral aspect (tracheal system somewhat diagram- 
matic); s, spiracles. 


it might appear that the function of these hooks is locomotor, 
and doubtless they are used by the larva in forcing its way 
through the mud around the mat of roots. 

A more important function, however, is probably respiratory. 
These hooks are grooved on the mesal surface and are con- 
nected by large trache with the main longitudinal tracheal 
trunks. Apparently these hooks are modified spiracles. No 
other spiracles occur on any of the segments which bear the 
hooks. Pairs of spiracles do occur, however, on the second 
thoracic and first and ninth abdominal segments. The third 
pair of spiracles which reach the surface on the ninth segment 
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are openings of a pair of trachee which arise from the main 
tracheal trunks in the eighth abdominal segment. All of the 
tracheal branches leading to the typical spiracles are smaller 
and apparently less important than those leading to the dorsal 
hooks. The large tracheal branches as well as the tracheal 
trunks can be observed easily in living larve under a binocular 
microscope. 

The dorsal hooks are partially retractile. The apical part 
is heavily chitinized, and its surface is marked by very fine 
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3. Dorsal hook greatly enlarged, showing connection with trachea. 

3a. Cross section of apical portion of hook. 

3b. Cross section of basal portion of hook (somewhat diagrammatic). 

4. Last abdominal spiracle of larva, showing connection with trachea (somewhat 
diagrammatic). 

Pupa. 


or 


transverse strie visible only under high magnification. The 
apical portion, when viewed in cross section, is diametrically 
divided from its tip to its base, by a highly chitinized line, or 
partition. This partition is apparently formed by the fusion 
of two infolded walls, suggesting the fusion of opposite sides of 
the spiracle. When the apical portion of the hook is viewed 
laterally this partition is plainly visible for its entire length 
on either side. 

The basal part of the hook is distinctly tubular. It is 
formed of heavy rings, infolded on the median side in such a 
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manner as to form a deep groove, apparently reaching to the 
central tube. The grooves on each pair face each other. The 
basal part of the hook may be drawn below the integument. 
The basal part of the hook is attached to the occluding chamber 
which in turn is attached to the trachea. The occluding 
chamber is separated from the hook and also from the trachea 
by heavily chitinized rings. 

The similarity betweén the hook and the spiracle is obvious. 
Like the apex of the hook, the chitin of the spiracle is marked 
by very fine transverse strie. The basal part of the hook is 
analogous to the anterior chamber of the spiracle below the 
integument. The occluding chamber and the tracheal attach- 
ments are the same. 

The writers are of the opinion that the rice water weevil 
larva obtains its oxygen when below water from the roots of 
the rice plants. The roots of rice plants which have been 
submerged for a few days have an inflated appearance and have 
large cells filled with air. The small weevil larve which live 
within the roots doubtless derive their supply of air from these 
cells. We have not been able to show that the larger larve 
outside of the roots obtain their air from the same source. 
However, since the larve cannot secure enough oxygen from 
the surrounding water it seems logical to assume that these 
hooks are modified spiracles fitted for piercing the air cells in 
the roots among which they live and obtaining air from them. 

In this discussion we are concerned chiefly with the larva. 
It may be worth while to note, however, that the spiracles of 
the pupa do not appear to be unusual. It is obvious that the 
pupz do not obtain their oxygen directly from water. The 
pupal stage is passed in a water-tight, inflated cocoon. These 
cocoons are oval in shape and mud-covered and are always 
found attached to a rice root. 


BEE-FAUNA AND VEGETATION OF THE MIAMI 
REGION OF FLORIDA. 


S. GRAENICHER, 


South Miami, Florida. 


In the central part of Florida the Tropical Life Zone reaches 
its northern limits in the region southwest of the northern end 
of Lake Okeechobee. Along the coasts it extends farther 
north, especially so on the East Coast, where it forms a narrow 
strip along the Indian River. Miami, the county seat of 
Dade County, is situated about half way between the northern 
and the southern limits (Key West). Based on a study of the 
vertebrate fauna, as also on the evidence offered by E. A. 
Schwarz (insects), W. H. Dall (mollusks) and C. S. Sargent 
(trees), C. Hart Merriam (12, 406) reached the conclusion that 
‘‘there exists in Florida a well-marked sub-tropical fauna and 
flora consisting in the main (except in the case of terrestrial 
mammals and reptiles which could not reach it) of genera, 
and largely of species, identical with those of Cuba.’’ Referring 
to the native vegetation of the ‘‘Miami Limestone Region,”’ 
Dr. J. K. Small (22, III) states that “‘it is essentially of a 
tropical character, with strong relationships to the flora of 
Cuba and the Bahamas.”’ 

The bee-fauna of the Miami region is surprisingly poor, 
both in number of species and of individuals. During a resi- 
dence of over 12 years in the vicinity of Miami, the writer has 
given much of his spare time to a study of the bees of the 
region, and some of the biological aspects connected therewith. 
Persistent collecting will undoubtedly reveal the occurrence of 
some additional species; the writer, however, considers the 
list given herein as fairly complete. 

The latter part of the paper will be taken up with a dis- 
cussion of the types of vegetation found within the region. 
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List OF BEEs.* 


Colletes Latreille. 


C. latitarsis Robt. This bee collects its pollen exclusively from the 
ground cherry (species of Physalis). The most common ground cherry 
of our region is P. viscosa,t on the flowers of which I have taken the bee 
on numerous occasions in the pinewoods at Miami and South Miami, 
and on the sand dunes at Miami Beach and on Biscayne Key (across the 
Bay southeast of Miami). It flies throughout the year. 

Robertson (16, 317) has found it at Inverness, Fla., on Phvsalis 
crenicola. 

I have examined the male genitalia in order to leave no doubt as to 
the identity of the species. A comparison of specimens from Miami 
with some from Milwaukee, Wis., shows a marked difference in the 
puncturation of the abdominal segments, especially of the basal one. 
In the Miami material the punctures are finer and farther apart. Such 
differences in sculpture in species ranging over a wide territory are 
occasionally met with. 


C. distinctus Cress. The male genitalia were examined and found 
to agree with Swenk’s illustration (27, Pl. II, 8, 8a). A male and a 
female were taken April 21 and May 1, on a window. 

Reported by Robertson from Inverness, Fla. (16, 279). 


? C. mandibularis Smith. o. Described from Georgia. The 
males in my collection agree well with Smith’s description (25, 5), as 
also with the information furnished by Cockerell, who examined the 
type in the British Museum (1, 276), but they are larger (about 7.5 mm.). 
Both males and females are decidedly smaller than those of C. howardii 
Swenk (28, 5), and are entirely different. Taken at South Miami, 
Miami and Hollywood (16 miles north of Miami) at the flowers of 
Pterocaulon undatum, Flaveria linearis and Petalostemon carneus. The 
females were collecting pollen from Flaveria (Composite) and Petalo- 
stemon (Leguminose). Time of flight from about March 30 to June 11. 





*It is with feelings of pleasure and appreciation that the writer mentions the 
names of the following who have been helpful to him in various ways: Prof. 
T. D. A. Cockerell, University of Colorado, Boulder, Colo.; Mr. J. C. Crawford, 
North Carolina Dept. of Agriculture, Raleigh, N. C.; Prof. T. B. Mitchell, North 
Carolina State College, Raleigh, N. C.; Prof. Chas. Robertson, Carlinville, I11.; 
Mr. S. A. Rohwer and Miss Grace Sandhouse, Bureau of Entomology, Washington, 
D. C.; Mr. H. F. Schwarz, Am. Museum of Natural History, New York City; 
Prof. P. H. Timberlake, Citrus Experiment Station, Riverside, Calif. I have 
also been ably assisted in my collecting activities by my daughter, my cheerful 
companion and chauffeur on many a trip. 


tNomenclature according to J. K. Small, Flora of Miami, Flora of the South- 
eastern United States, etc. I have, however, preferred to retain such well- 
established family names as Composite (Carduacee according to Small), Legumi- 
nos@ (Fabacee Small), etc. 
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Hylaeus Fabricius (Prosopis Fabricius). 


H. schwarzii Ckll. (Prosopis schwarzii Ckll.) @ Ent. Mag. 32, 
218 (1896); o, Entomologist 1898, p. 216. 

The type material is from Dade Co., Fla. I sent a & anda 9 to 
Prof. Cockerell, who kindly compared my specimens with a o@' anda 9? 
collected in Florida several years ago by Prof. Chas. Robertson. He 
writes as follows: ‘‘Your 92 agrees very closely with the Robertson 9 , 
differing by the strictly narrower lateral face marks, and duller, rather 
more closely punctured mesothorax and scutellum, and also the rougher 
area of metathorax, without fine striz on the basal parts. The o& from 
Robertson differs more conspicuously with the lighter area on clypeus 
deeply incised above.’’ He further states, ‘‘ your o has black tubercles; 
in the Robertson one they are light as in the 9.” 

The 9 9 in my collection differ considerably in the breadth of the 
lateral face marks. All of the oo have the clypeal face marks incised 
above. These marks vary in extent, taking in from one-half to nearly 
the whole of the clypeus. The black linear space separating the lateral 
face marks from the clypeus varies in width, and in each of two speci- 
mens this black linear space is much narrower on one side than on the 
other. All of this shows H. schwarzii to be a very variable species. 
Metz, in his “Revision of the genus Prosopis of N. Am.,” (13, 151) 
places it among the uncertain species, and says that it is evidently of 
the Modestus division, but cannot be located with certainty until the 
male genitalia are examined. Such an examination by the writer shows 
the following characters: 

Genital armature: Like that of modestus (Metz, Pl. II, Fig. 12), but 
sagitta longer and cardo divided in the middle. 

Seventh ventral plate: Wing like fossata (Pl. V, Fig. 71), but proximal 
arm more like episcopalis (Pl. V, Fig. 74). 

Eighth ventral plate: Resembles that of fossata, (Pl. III, Fig 28). 

H. schwarzii is without question a member of the Modestus division 
(with characters in common with modestus, fossata and episcopalis) 
which has extended its range into the sub-tropics of Florida. It has 
been taken throughout the cooler season from October 1 to May 2. 
An account of its relations to flowers, etc., will be found in the part of 
this paper dealing with the ‘‘ Marl Prairie’ type of vegetation. 


Hylaeus sp. Two females (one of which is minus the head) were 
captured December 22 and January 4, in a small tract of pinewoods 
in the northwestern section of Miami. Length about 4 mm. Black, 
with much red on the first two abdominal segments. Lateral face 
marks, clypeus, pronotum, tubercles and tegulz yellow. Legs testaceous 
with bases of tibiae and femora blackish. Wings hyaline with dark 
nervures and stigma, the latter unusually large and conspicuous. 

This species reminds one of nelumbonis Robt. and flammipes Robt. 
(from Citrus Co., Fla.) but it is much smaller. It is probably new, but 
its status can hardly be established before additional material (especially 
the o) has been obtained. 
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Halictus Latreille. 


A paper by the writer on the bees of this genus appeared in Psyche 34, 
203-208 (1927). 

H. (Chloralictus) marinus Crawf. I am indebted to Mr. J. C. 
Crawford for having compared one of my females with a female in his 
collection from Virginia Beach, Va. He found the face narrower in 
the Miami specimen, as also some differences in sculpture on various 
parts of the thorax. Later on I sent some specimens of both sexes to the 
U. S. National Museum, where Miss G. Sandhouse kindly made com- 
parisons. She, too, saw some differences in sculpture in the females, 
but according to her letter, the males from Miami agree very well with 
those in the National Museum (determined by Crawford) in genital, 
as well as in external, characters. She is, therefore, of the opinion that 
the Miami material belongs to marinus. In my former paper (Psyche 
34, 203) I expressed the view that the species would probably be found 
in the dune regions along the shores of the Atlantic between Miami 
and the type locality in Virginia. 

H. (Chloralictus) lepidii Graen. Psyche 34, 204. Type (9) and 
allotype (o”) deposited in the U. S. National Museum 

Its period of flight covers the entire year. For flowers visited, 
localities, etc., see Psyche 34, 204. 

H. (Chloralictus) nymphalis Smith. Flies throughout the year. 
Additional information in Psyche 34, 205. 

H. (Chloralictus) longiceps Robt. This species, too, may be found 
in any month of the year. To the localities given in Psyche 34, 206, 
may be added Homestead (south of Miami) and West Palm Beach 
(north of Miami). 


H. (Chloralictus) halophilus Graen. (Not halophitus, as it appeared 
in Psyche 34, 206.) Type (9) and allotype (c”) deposited in the U. S. 
National Museum. 

Since describing this species I have come across it in two additional 
localities, both north of the type locality at Cutler. According to 
information gathered in 1927, it flies from about the middle of April 
to the end of October. Males were captured from April 20 to August 
25, and females from May 20 to October 23. Its relations to the 
halophytic vegetation along the shores of Bay Biscayne will be con- 
sidered further on, under the ‘‘Coast Prairie’’ type of vegetation. 

H. (Chloralictus) rhododactylus D. T. Found once only, Home- 
stead, July 19, 1916, 9. 

H. (Odontalictus) ligatus Say. Exceedingly common throughout 
the year. Flowers visited: Lepidium virginicum, Warea Carteri, 
Pycnothymus rigidus, Helianthus debilis, Pterocaulon undatum, Bidens 
leucantha, Melanthera parvifolia. 

H. (Evylaeus) nelumbonis Robt. One o’, South Miami, February 
26, 1927, on the flowers of Sagittaria lancifolia. Reported by Robertson 
from Orlando and Inverness, Fla., (16, 279). Visits mostly the flowers 
of aquatic plants. 
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The writer has come across three additional species of Halictus 
(subgenus Chloralictus), which have not been identified on account of 
the lack of suitable material, especially males. 


Augochlora Smith. 


Miss Grace Sandhouse, of the Bureau of Entomology, U. S. Depart- 
ment of Agriculture, has been carrying on a revision of the Halictine 
bees of North America, and is at present studying the genus A ugochlora. 
I have welcomed this opportunity to send her my material for identifica- 
tion, and herewith express my thanks for the information received. 
There were 170 specimens in the lot, and the 4 species recognized by her 
were represented as follows: pura 66 specimens, festiva 56, cuprea 37, and 
fulgida 11. The types of festiva, cuprea and fulgida, as well as of the 
other species described by Frederick Smith (25) are in the British 
Museum. Miss Sandhouse states that she will have to have some of 
the material from this country compared with the Smith types, before 
feeling more certain about the identity of the species, and that the names 
furnished me are according to her present interpretation of the species. 

The records on hand indicate that all of the species are in flight 
throughout the year. 

A. pura Say. This widely distributed species is of common occur- 
rence, and has been found south of Miami as far as the Royal Palm 
State Park. Flowers visited: Warea Carteri, Oxypolis filiformis, 
Phytolacca rigida, Sida carpinifolia, Rhus obtusifolia, Salix amphibia, 
Hamelia potens, Sagittaria lancifolia, Bidens leucantha, Solidago angus- 
tifolia. 

A. festiva Smith. Has been taken from Miami on north along the 
East Coast as far as Jupiter, and south as far as Homestead. 

Visits to the following flowers have been noted: Sabal Palmetto, 
Warea Carteri, Lepidium virginicum, Opuntia austrina, Croton linearis, 
Callicarpa americana, Chamaecrista aspera, Piriqueta tomentosa, Pycno- 
thymus rigidus, Galactia floridana, Agalinis purpurea, Solidago angusti- 
folia, Chrysopsis Tracyi, Aster sp., Bidens leucantha, and Helianthus 
debilis. At Jupiter in the dunes of Jupiter Island it was visiting the 
flowers of Chrysobalanus Icaco (cocoplum) and Jacquemontia reclinata. 

A. cuprea Smith. Specimens from Miami, South Miami and the 
dunes along the Atlantic at Miami Beach and on Key Biscayne at Cape 
Florida. Southward it was found at Homestead and the Royal Palm 
State Park, and northward at Lake Worth and Jupiter. 

Flowers visited: Warea Carteri, Lantana depressa, Chrysopsis 
Tracyi, Bidens leucantha, Helianthus debilis, Baccharis halimifolia, 
Solanum Wendlandi, Rhus obtusifolia, and Jacquemontia reclinata (on 
dunes at Jupiter Island). 


A. fulgida Smith. This species, which, on account of its large size 
and brilliant metallic coloration, is not easily overlooked, has been 
taken by the writer only occasionally, and not south of Miami, so far. 
My records are from the following localities: Sandy pine woods in the 
northwestern part of Miami (visiting Warea Carteri), sandy pinewoods 
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southwest of Hollywood belonging to the ‘‘Scrub” type of vegetation 
(on Polypteris integrifolia), and sandy pine woods north of West Palm 
Beach (on Solidago angustifolia). 


Agapostemon Smith. 


A. splendens Lep. Not uncommon throughout the region. Speci- 
mens on hand from Miami, Miami Beach, South Miami, Homestead 
(29 miles southwest of Miami) and Hollywood (16 miles north of Miami). 
Females have been taken from the middle of March to the end of 
October, and males from the beginning of June to the beginning of 
December. 

Flowers visited: Phytolacca rigida, Opuntia austrina, Warea 
Carteri, Vernonia Blodgettii, Helianthus debilis and Bidens leucantha. 


Sphecodes Latreille. 


S. ignitus Cockerell. Described from a o&. Type locality, Ocala, 
Fla., (2, 13). 

The 9 agrees very closely with the o’, but is mostly larger. The 
species is easily recognized on account of the dark red thorax (meta- 
thorax entirely, or partly black), the black abdomen with a red base, 
and the prominent oval tubercle behind the middle ocellus. It shares 
the latter character with S. clematidis Robt. There is considerable 
variation in size and in the distribution of red on the thorax. 

It is an inhabitant of the ‘‘Scrub’”’ vegetation near Hollywood, the 
pine woods at Miami, South Miami and Homestead, and the sand 
dunes at Miami Beach. 

Flowers visited: Sabal Palmetto, Rhus obtusifolia, Warea Carteri 
and Polypteris integrifolia. It was also observed feeding on honey-dew 
on the leaves of Ficus altissima, an ornamental tree infested with scale 
insects. Time of flight, March 31—-December 28. 


Perdita Smith. 


Perdita sp. Most of the material was turned over to Prof. P. H. 
Timberlake, of the Citrus Experiment Station, University of California, 
Riverside, Calif., who has been making a special study of the bees of 
this genus. The species is new, and Prof. Timberlake has kindly 
consented to describe it. The female collects her pollen exclusively 
from species of Chrysopsis (Composite) and an account of the distribution 
of this species along the East Coast of Florida will be found in the latter 
part of this paper, where the ‘‘Scrub”’ type of vegetation is being con- 
sidered. It flies from about the beginning of September to the end of 
October. 

P. halictoides Smith. A female collected at Coral Gables by Prof. 
J. F. W. Pearson, of the University of Miami. It was sent to Prof. 
Timberlake, to whom I am indebted for the following information: 
‘Tt is the same species as the Bradley specimens from Coronado Beach, 
Fla. (collected May 5), and undoubtedly P. halictoides Smith. Mr. 
Schwarz compared one of Bradley’s specimens with the type in the 
British Museum and found no difference.”’ (See 29, 155). The Coral 
Gables specimen was taken March 5. 
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Epeolus Latreille. 


E. bifasciatus Cresson. Three males and two females were taken 
between February 10 and June 22, at. Miami and South Miami, on the 
flowers of Sabal Palmetto, Vernonia Blodgettii and Cirsium vittatum. 
Two of them (o and 9?) have rust-colored instead of golden hairbands 
on pronotum and second abdominal segment, and Mr. H. F. Schwarz, of 
the American Museum of Natural History, has informed me that there 
are three specimens in the Museum’s collection with bands of the same 
color, which were collected by Mrs. A. T. Slosson at Lake Worth and 
Ormond, Fla. 

Robertson (16, 116) considers this species an inquiline (parasite) 
of Colletes latitarsis Robt., which is also a member of our fauna. 


E. zonatus Smith. <. Described from St. John’s Bluff, East 
Florida. (25, 257). Prof. Robertson formerly treated it as a synonym 
of E. scutellaris Say (14, 343), in a recent publication, however (16, 278), 
he has it listed as a valid species. 

I have never come across this species, but there are a number of 
Florida specimens in the collection of the American Museum of Natural 
History, and I am indebted to Mr. H. F. Schwarz for the following 
records: Miami, April 11-21, 1923 (Lutz and Schwarz); Royal Palm 
State Park, April 12-18, 1923 (Lutz and Schwarz); Dunedin, April 4, 
1914 (probably Blatchley); Estero (Van Duzee); Ormond (Mrs. A. T. 
Slosson). According to Mr. Schwarz the Miami specimens were caught 
in the Brickell Hammock jungle. Based on a study of this series, 
Mr. Schwarz too considers zonatus distinct from scutellaris (in litt.). 


Triepeolus Robertson. 


T. rufithorax Graen. o and 9. Ent. News 39, 279 (1928). 
Type (9) and allotype (c") deposited in the U. S. National Museum. 

As far as we know, the bees of this genus are parasites of bees of the 
genus Melissodes. At Milwaukee, Wis., the writer witnessed the 
visits of Triepeolus helianthi Robt. to the nest of Melissodes trinodis 
Robt. and found the larve of the former in the nest of the latter (6, 164). 
T. rufithorax is in all probability a parasite of Melissodes communis 
Cress. Of our three species of Melissodes (the next genus in the list) 
communis has the longest period of flight (March 21-November 14), 
and this corresponds with that of T. rufithorax (March 28—October 26). 


Melissodes Romand. 


M. communis Cress. Described from Georgia. Both sexes are on 
the wing throughout the warmer part of the year, the males from March 
21—October 1 and the females from March 23—November 14. Specimens 
are on hand from Miami, South Miami and Miami Beach. 

Flowers visited: Sida carpinifolia, Heliotropium horizontale, Sabal 
Palmetto, Opuntia austrina, Croton linearis, Hyptis radiata, Crotalaria 
pumila, Bidens leucantha, Borrichia frutescens, Helianthus debilis, 
Flaveria linearis and Vernonia Blodgettit. 
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M. petulca Cress. Described from Georgia. 

To all appearances this is a rare insect in our region. Four speci- 
mens only have been taken, one at South Miami, May 1, 1917, and the 
remaining three May 4, 1927, at Cocoplum Beach (south of Coconut 
Grove) on the flowers of Borrichia frutescens (Composite). 

M. perplexa Cress. var. This widely distributed bee, the range of 
which extends from Texas to Maine, has been observed at South Miami 
visiting exclusively the flowers of Chrysopsis Tracyi (Composite). 
The male has not been found. I sent two specimens (females) to 
Prof. Cockerell, requesting him to compare them with specimens of 
perplexa in his collection from other localities, and received from him 
the following information: ‘‘Your M. perplexa differ a little from the 
usual form in having a broader head (facial quadrangle broader) and 
I think rather rougher base of metathorax. I should hesitate to 
separate them unless you find the difference constant in a large series, 
and perhaps some difference in the males.’’ He further states: “I 
think critical field studies will tend to increase the number of recogniz- 
able species or races, but from one or two specimens it is hard to estimate 
the value of slight differences. So I call your bees simply perplexa 
var. and am not sure (judging from what you send) that there is any 
constant Florida race or segregation. As the records stand, perplexa 
visits many plants, but mostly Composite (Vernonia, Solidago, Aster, 
Rudbeckia, Lepachys, Helianthus, Silphium, Coreopsis, Bidens and Helen- 
ium). I suppose that if one were trying to distinguish races or allied 
forms, it would be desirable to collect series separately from these plants.” 

According to the records from New Jersey, Maryland and Virginia, 
perplexa flies in August and September, while the variety of our region 
appears very late. Repeated observations made in 1924, ’26 and ’27 
have shown it to be on the wing from about the beginning of November 
to the middle of December, at a time when its food-plant, Chrysopsis 
Tracyi, is at the height of its flowering season. It has not been seen 
to pay any attention to the flowers of any of the other species of Com- 
posite blooming in the same locality at the same time. In my neighbor- 
hood it obviously depends on Chrysopsis Tracyi for its pollen supply. 
It probably occurs elsewhere in the state and may be found visiting 
some other species of Composite. 


Centris Fabricius. 


C. versicolor Fabr. C. errans Fox, Proc. Acad. Nat. Sc. Phil. 51, 
65, described from specimens collected by Mrs. A. T. Slosson at Biscayne 
Bay, is a synonym (11, 561). 

This is a tropical bee which is very widely distributed, from Florida 
on through the West Indies, Mexico, Central and South America to 
Argentina. A female from Brickell Hammock, April 19, 1923, at the 
flowers of Bidens leucantha, is the only specimen collected by the writer. 
It agrees very closely with the description of errans, and differs some- 
what in face marks and color of legs and abdomen from a specimen 
received from the U. S. National Museum, the label of which bears the 
following information: Dominica, June-July H. W. Foote, Yale Exp. 
1913. 
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Caupolicana Spinola. 


C. (Megacilissa) yarrowi Cress. 

Its occurence in Florida was reported in Ent. News IX, 128; col- 
lected by Mrs. Slosson. Cockerell has found it in New Mexico, visiting 
the flowers of Datura between daylight and sunrise. A single speci- 
men, a 9, was taken at South Miami at the same time of the day on 
the flowers of the introduced tropical vine Antigonon leptopus Hook. 
and Arn. The bees of this genus are nocturnal, some of the South 
American species flying throughout the night. 


Coelioxys Latreille. 


C. octodentata Say. Custer has bred this parasitic bee from the 
cells of Megachile brevis, as reported by Hicks (10, 227). At Carlin- 
ville, Ill., Robertson found the host bee flying from May 15 to October 22, 
and the parasite from May 12 to October 19. In the Miami region 
M. brevis has been taken from March 27 to December 15 and C. octo- 
dentata from March 3 to November 1. The specimens of the latter are 
from the Royal Palm State Park, Homestead, South Miami, Miami 
and Hollywood. It is by far the most common species of Coelioxys 
of this region. 

Flowers visited: Bidens leucantha, Vernonia Blodgettii, Melanthera 
radiata, Sida carpinifolia and Oxypolis filiformis. 

C. dolichos Fox. (4, 107). Described from Florida (no locality 
given). Taken at Miami, Cocoplum Beach (south of Coconut Grove) 
and Homestead, from the flowers of Bidens leucantha and Melanthera 
parvifolia. Dates of capture January 28, March 25, July 2 and 3, 
November 3 and 8. 

C. slossoni Viereck. (30, 327). Type locality, Lake Worth, Fla. 
Males and females collected at Miami, Royal Palm State Park and 
Cape Florida (Biscayne Key) on the following dates: January 1, 
February 25, November 8, 20, 24. On two occasions visits were noted 
to the flowers of Bidens leucantha. 

C. hunteri Crawf. (3, 151). Type locality, Hearne, Texas. A 
single specimen, a 9 , March 20, 1920 at South Miami on the flowers of 
Bidens leucantha. 


Lithurgus Berthold. 


L. gibbosus Smith. Two males, March 15 and 31, and two females 
February 10 and March 6 at Miami and South Miami. Of these, a 
male and a female were visiting the flowers of the prickly-pear cactus 
(Opuntia austrina). 


Megachile Letreille. 


All of my material was sent to Prof. T. B. Mitchell of the North 
Carolina State College at Raleigh, who is engaged in a revision of the 
bees of this genus. His identification of the species has been of the 
utmost help to me. A species recognized as new will be described by 
him in a forthcoming paper. 
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M. xylocopoides Smith. This is a southern species whose range, 
according to information kindly furnished me by Prof. Mitchell, extends 
north to North Carolina at least. 

It flies from about the end of February to the beginning of November. 
Both sexes were taken at Miami and South Miami. Flowers visited: 
Poinsettia cyathophora, Citrus Limonum (lemon) and Bidens leucantha. 

M. morio Smith. More tropical in its distribution than the fore- 
going. ‘‘Seems to be confined to the lower end of Florida”’ (Mitchell, 
in litt.). It has been found from February 25 to September 23 at the 
flowers of Poinsettia cyathophora, Melanthera brevifolia and Bidens 
leucantha. The specimens are from the following localities: Brickeli 
Hammock (Between Miami and Coconut Grove) and the Snapper Creek 
Hammock on the East Dixie Highway (between Coconut Grove and 
Cutler). 

M. pruina Smith. Miami, South Miami, Homestead, Royal Palm 
State Park. Males (floridana Robt. is the male) were taken from 
June 6 to October 31, and the females (pinguis Cress. is a synonym) 
from July 15 to October 17. Females from the shore vegetation along 
Biscayne Bay in the Brickell Hammock and at Cocoplum Beach (south 
of Coconut Grove) were visiting the flowers of Dalbergia Ecastophyllum 
and Melanthera parvifolia. Additional flowers visited were Croton 
linearis, Galactia floridana and Vernonia Blodgettii. 


M. parallela Smith. A female, Miami Beach, August 17, 1927, 
visiting the flowers of Melanthera parvifolia. 

M. albitarsis Cress. co. Found from March 25 to October 18, 
at South Miami, Chapman Field (near Cutler) and Homestead. 
Flowers visited: Croton linearis and Bidens leucantha. 

M. optiva Cress. Flying from March 22 to November 2. Taken at 
Miami, South Miami, Cutler (Chapman Field) and the Royal Palm 
State Park, on the flowers of Sabal Palmetto, Croton linearis, Morongia 
angustata, Crotalaria sp. (cultivated in Chapman Field), Bidens leucantha 
and Melanthera radiata. 

M. townsendiana Ckll. Known from the Southwest, and, as Prof. 
Mitchell informs me, also found at Galveston, Texas. I have both 
sexes from the dune vegetation at Miami Beach and Las Olas Beach 
(Fort Lauderdale), and have not come across it in any other type of 
vegetation. It visits the flowers of Melanthera parvifolia and the 
sunflower Helianthus debilis, mostly the latter. My dates of capture 
run from May 27 to September 22. 

M. georgica Cress. Miami, South Miami, Cutler (Chapman Field) 
and Hollywood, from April 14 to December 15. Flowers visited: 
Galactia floridana, Crotalaria pumila, Crotalaria sp. (cultivated at 
Chapman Field), Melanthera radiata, Polypteris integrifolia and Lacin- 
iaria laevigata. 

M. pollicaris Say. Two males and a female at South Miami, 
June 14, 22 and 25, from the flowers of Vernonia Blodgettii. 

M. inimica Cress. Miami (Brickell Hammock), Cocoplum Beach 
(south of Coconut Grove), Cape Florida (on Biscayne Key), and 














1930] Graenicher: Southern Florida Bees 163 


Cutler (Chapman Field). Taken as early as February 10 and from 
then on in March, April and May, and again November 2. I have 
no records for the summer months. Visits were made to the flowers of 
Crotalaria pumila, Bidens leucantha and Borrichia frutescens. 

M. petulans Cress. Miami, Miami Beach, South Miami, Cutler 
(Chapman Field) and Royal Palm State Park, from March 15 to Novem- 
ber 25. Flowers visited: Sabal Palmetto, Poinsettia cyathophora, 
Crotalaria sp. (cultivated in Chapman Field), Vernonia Blodgettii, 
Aster sp., Melanthera parvifolia and Bidens leucantha. 

M. mendica Cress. My records cover the period from May 11 to 
December 18 and show this to be our most common leaf-cutter bee. 
Specimens collected at Miami, Miami Beach, South Miami, Cutler 
(Chapman Field), Homestead and the Royal Palm State Park, on the 
flowers of Philibertella clausa, Galactia floridana, Crotalaria sp. (culti- 
bated in Chapman Field), Vernonia Blodgettii, Melanthera parvifolia, 
Borrichia frutescens, Aster sp., and Bidens leucantha. 

M. brevis Say. Time of flight from March 27 to December 15. 
Miami, South Miami and Cutler (Chapman Field). Flowers visited: 
Chamaecrista brachiata, Galactia floridana, Crotalaria pumila, Crotalaria 
sp. (cultivated in Chapman Field), Vernonia Blodgettii and Melanthera 
radiata. 

M. generosa Cress. Taken at Miami, Cocoplum Beach (south of 
Coconut Grove), South Miami and the Royal Palm State Park, from 
February 27 to September 6, visiting the flowers of Poinsettia cyathophora 
and Vernonia Blodgettii. 

Megachile n. sp. One female captured on the flowers of 
Borrichia frutescens at Cocoplum Beach (South of Coconut Grove) 
June 5. Undescribed, according to Prof. Mitchell. 


Heriades Spinola. 

H. crawfordi Graen. o, 2. Ent. News 39, 281 (1928). Type 
(2) and allotype (o”) deposited in the U. S. National Museum. Flies 
during the winter time. Localities and flower visits given with the 
description. 


Osmia Panzer. 

O. subfasciata Cress. This species occurs in the sand dunes at 
Miami Beach and on Biscayne Key (across the Bay southeast of Miami), 
and visits the flowers of Crotalaria pumila. Dates of capture: February 
8, 15, and March 17. 


Stelis Panzer. 

S. floridana Graen. <o, 9. Ent. News, 39, 282 (1928). Type 
(2) and allotype (co") deposited in the U. S. National Museum. Five 
males and one female from Homestead, July 1916. 

In a recent letter, Mr. H. F. Schwarz of the American Museum of 
Natural History has kindly informed me that he has come across two 
specimens in the Museum’s collection, from Biscayne Bay, Florida, 
which he considers belonging to this species, although they do not 
agree with the description in all respects. 
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Anthidium Fabricius. 


A. maculifrons Smith. Up to a short time ago, the bees of this 
species inhabiting the Eastern U. S. have been considered cognatum 
Cress. described from Georgia. Mr. H. F. Schwarz, who has given us 
a revision of the North American Anthidiine bees, has compared speci- 
mens of cognatum with the type of maculifrons in the British Museum, 
and shown the former to be a synonym of the latter (21, 369). It 
extends its range northward as far as Virginia and in the southwest 
into Mexico. Among the records given by Schwarz for Florida, there 
is one from the Royal Palm State Park. It is not uncommon in our 
region from about February 10 to November 2, and I have specimens 
from Miami, South Miami, Cutler (Chapman Field) and Homestead. 
It seems to favor the flowers of Leguminose on the following species of 
which it has been captured: Petalostemon carneus, Galactia floridana, 
Crotalaria pumila and a cultivated species of Crotalaria (Chapman 
Field). It has also been found visiting Chamaecrista brachiata (Cassi- 
acee), Vernonia Blodgettii (Composite) and Heliotropium horizontale. 


Heteranthidium Cockere!l. 


H. ridingsii Cress. Described from Georgia, and, according to 
Schwarz, found also in Alabama and Texas (18, 5). I have three males 
and two females from South Miami, which were taken between March 31 
and June 30, on the flowers of Chamaecrista brachiata and Antigonon 
leptopus, an ornamental vine introduced from tropical America. The 
females agree with the description in having dark legs, but in the males 
the tips of the femora and tibiz are red. 


Dianthidium Cockerell. 


D. floridiense H. F. Schwarz. o, 9. Am. Mus. Nov. No. 226, 
5 (1926). 

The numerous specimens studied by Schwarz were from various 
localities in Florida, from Sanford in the northern part, to the Royal 
Palm State Park near the southern tip. Some of them were from 
Biscayne Bay and Homestead. This bee flies from about the middle 
of February to the end of October. Visits were noted to the flowers 
of Sabal Palmetto, but mostly to the following Composite: Vernonia 
Blodgettii, Mikania batatifolia, Polypteris integrifolia, Bidens leucantha, 
Laciniaria gracilis, Pterocaulon undatum and Melanthera parvifolia. 


Anthidiellum Cockerell. 


A. perplexum Smith. According to Schwarz (19, 18), its known 
range extends north to Southern Pines, N. C. Among the material 
seen by Schwarz was a o& from Miami. I have found both sexes at 
Miami, Miami Beech, South Miami, Cutler (Chapman Field), Home- 
stead, and the Royal Plam State Park. Time of flight: February 10 to 
November 2. Flowers visited were those of Sabal Palmetto, Crotalaria 
pumila and Helianthus debilis. 














1930] Graenicher: Southern Florida Bees 165 


A. notatum rufimaculatum H. F. Schwarz. <o, 2. Am. Mus. Nov. 
No. 226, 18-19 (1926). 

The localities listed by Schwarz for this new variety are Miami, 
Homestead and the Royal Palm State Park. It is rather common 
throughout, and has been taken by the writer from January 24 to 
December 15. Flowers visited: Crotalaria pumila, Petalostemon carneus, 
Galactia floridana, Parosela domingensis, Croton linearis, Sesuvium Por- 
tulacastrum, Melanthera parvifolia and Antigonon leptopus (an ornamental 
vine). Some of the specimens collected by Lutz in the Miami region 
were visiting the flowers of Sumac (reported by Schwarz). 


Ceratina Latreille. 


C. dupla Say. Both sexes of this common and widely distributed 
species fly throughout the year. Nests with eggs and larve may be 
found at any time in the dry stems of the Sumac, Rhus obtusifolia and 
other pithy plants. Visits to the flowers of the following have been 
noted: Salix amphibia, Sinapis arvensis, Opuntia austrina, Pycnothymus 
rigidus, Galactia pinetorum, Aster concolor, Bidens leucantha, Chrysopsis 
Tracyi and Cirsium pinetorum. 


C. cockerelli H. S. Smith. (Changed from C. lunata H. S. Smith, 
preoccupied). Type locality Fedor, Leo County, Texas (26, 119). 
Five males and two females have been taken in the dune area at Miami 
Beach, July 29, 1916 and April 12, 1918, some of them at the flowers of 
Polygala cumulicola Small, a new species found by Small in that locality 
(23, 381). Another male was caught in the house, at South Miami, 
towards evening, January 11, 1921. 

In each of the males the white clypeal mark does not cover the entire 
clypeal surface as in the type material. There is a line along the base 
from which a rectangular median mark projects upwards, the whole 


ND 


resembling an inverted ‘‘T. 


Xylocopa Latreille. 


X. micans St. Farg. Cockerell (2, 5) has seen a specimen from 
Homestead. I have both sexes from the Royal Palm State Park, South 
Miami and Miami (Brickell Hammock). It flies from about the end of 
February to the end of November. Flowers visited: Serenoa serrulata, 
Sabal Palmetto, Philibertella clausa, Solanum bahamense, S. Wendlandi 
(an ornamental tropical vine), Chamaecrista brachiata, Crotalaria 
pumila, Dalbergia Ecastophyllum and Bidens leucantha. 


Bombus Latreille (Bremus Panzer). 


In Franklin’s ‘‘Bombidze of North America,”’ the following four 
species are credited to Florida: americanorum, impatiens, separatus, and 
fraternus. The first three occur in the Miami region; fraternus Smith 
(scutellaris Cress.) has been found by the writer as far south as Childs, 
which is situated a short distance northwest of Lake Okeechobee at 
the southern end of the hilly country known as the “ Ridge Section.”’ 
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B. americanorum Fab. (pennsylvanicus DeG.) is our most common 
bumblebee. Females (queens) have been taken as early as February 12 
and as late as November 30. There is a period of hibernation, the 
beginning of which is determined by the first cold spell (about 40° F. or 
below) of the winter season. In 1927, for example, bees of this species 
were daily visitors to a group of flowers of Antigonon leptopus (an 
introduced tropical vine belonging to the Polygonacee) near our house 
up to the end of the first week in November, when cold weather set in, 
and put an end to their appearance. Workers have been seen from 
June 6 to the beginning of October, and males from June 6 to the middle 
of October. 

Flowers visited: Chamaecrista brachiata, Opuntia austrina, Ver- 
nonia Blodgettii, Cirsium pinetorum, Lantana ovatifolia and Morinda 
Roioc. They are attracted to quite an extent by the flowers of the 
various cultivated species of Citrus (grapefruit, orange, lemon and 
lime), as also by those of the ornamental tropical vines Solanum 
Wendlandi and Antigonon leptopus. 


B. impatiens Cress. This has been found only occasionally at Miami 
and South Miami, in July, August and October, on the flowers of 
Bidens leucantha, Conoclinium dichotomum and Solanum Wendlandi. 
No males have been seen. 


B. separatus Cress. Belongs to the subgenus Bombias Robertson. 
Like the preceding species, it is poorly represented in our fauna. Three 
females were collected at South Miami in April and June, at the flowers 
of Morongia angustata and Solanum Wendlandi. To my great surprise 
I came across a 9 December 22, 1926, collecting pollen on Pontederia 
cordata (pickerel weed) which was growing in a wet ditch along a road 
in the Everglades several miles west of South Miami. 


Psithyrus Lepeletier. 


P. variabilis Cress. Has not been reported from Florida. It is a 
parasite in the nests of Bombus americanorum (the common bumblebee 
of our region), according to Frison (5). The only specimen the writer 
has seen, so far, is a female taken at Homestead, July 21, 1916. 


Apis Linnaeus. 


A. mellifera Linn. Honey-bee. Common throughout, both culti- 
vated and wild. As elsewhere, it often monopolizes flowers with a rich 
supply of pollen and nectar to such an extent that other visitors are 
nearly excluded. It visits a great variety of flowers, is a regular visitor 
to the flowers of many of our fruit trees (Citrus fruits, avocadoes, 
mangoes, etc.), and for this reason is kept in many of the groves. 
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BEE FAUNA OF THE ROYAL PALM STATE PARK. 


The ‘‘Natural History of Paradise Key and the nearby 
Everglades of Florida,’’ published in 1919 by W. E. Safford (17), 
contains a lot of interesting information on the plant and animal 
life, and various other topics. This State Park is situated 
44 miles southwest of Miami, and covers an area of about 
three square miles. Within its confines three distinct types of 
vegetation are represented. The limestone island called Para- 
dise Key is covered mostly by a Tropical Hammock, with a 
stretch of Pinewoods in one corner. The wet lowlands sur- 
rounding Paradise Key belong to the Marl Prairie vegetation. 

The species of bees reported by Safford are as follows: 

Bombus americanorum (pennsylvanicus), X ylocopa micans, Megachile 
pollicaris, Coelioxys dolichos and Augochlora sp. 

To these may be added the following, three of which (Anthi- 
diinz) have been reported by Mr. H. F. Schwarz: 

Hylaeus schwarzii, Augochlora pura, A. cuprea, Coelioxys octodentata, 
C. slossoni, Megachile pruina, M. optiva, M. petulans, M. mendica, M. 
generosa, Anthidium maculifrons (Schwarz), Dianthidium floridiense 


(Schwarz), Anthidiellum notatum rufimaculatum (Schwarz) and A. 
per plexum. 


SEASONAL DISTRIBUTION. 


Some of the species fly throughout the vear, for three species 
I have records for the cooler season only, the majority, however, 
appear on the wing towards the end of the winter or early in 
the spring, and carry on their activities during the warmer 
months of the year until late in the fall. 


PERIOD OF FLIGHT COVERING THE ENTIRE YEAR. 


Colletes latitarsis. Specimens of the bee and of its food-plant, 
Physalis viscosa, may be found at any time during the winter, but 
both appear in greater numbers during the warmer months. 

Halictus. All of the species, the records for which are complete, 
fly the year round, with the exception of halophilus. 

Augochlora. The four species listed for the region belong to this 
group. 

Ceratina. Our common species dupla is common at all times. 
Cockerelli has been taken from January 11 to July 29, but probably 
flies during the rest of the year. 


FLYING DURING THE COOLER SEASON. 
Hylaeus schwarzii: October 1—May 2. 
Coelioxys slossoni: November 8—February 25. 
Heriades crawfordi: October 27—April 6. 
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The periods of flight given for these species are based on 
repeated observations. I have not yet succeeded in finding 
them at any other time. 


FLYING DURING THE WARMER SEASON. 


Colletes. Mandibularis is a vernal species (March 30—June 11) 
and so is probably distinctus, which has been taken April 21 and May 1. 

Halictus halophilus (April 20—-October 23) is the only species of the 
genus restricted in its appearance to the warmer months. 

Agapostemon splendens: March 14—December 4. 

Sphecodes ignitus: March 31—December 28. 

Perdita. P. sp. (undescribed), flying throughout September and 
October. P. halictoides is a vernal species. One female taken at 
Coral Gables, March 5. Two females were collected by Dr. Bradley 
at Coronado Beach (Florida East Coast south of Daytona), May 5, 
1916, as reported by Prof. Timberlake (29, 155) 

Melissodes. Communis, March 21—November 14. Perplexa var. 
is autumnal (November and first half of December). For petulca the 
records are incomplete (May). 

Triepeolus rufithorax: March 28-October 26. Is probably a 
parasite of Melissodes communis (March 21—November 14). 

Epeolus bifasciatus. Taken from February 10 to June 22. Ifitisa 
parasite of Colletes latitarsis, as suggested by Robertson, it probably 
flies much longer. 

Megachile. Some of the species, like morio, xylocopoides, inimica, 
and generosa, start in February, others in March or April. Townsendiana 
and mendica do not seem to appear before May, and for pruina and 
pollicaris the earliest records are for June. Many of the species fly 
until late in the fall. The latest dates are as follows: georgica, December 
15, brevis December 15, mendica December 18. 

Coelioxys. Our common species, octodentata (a parasite of Megachile 
brevis), flies from March to November. The records for dolichos 
indicate a flight from the end of January to the second week in 
November. 

Lithurgus gibbosus is an early flier (February 10—March 31), Osmia 
subfasciata likewise (February 8—March 17). I-suspect, however, that 
my records for both of these are incomplete. 

Heteranthidium ridingsii, the least common of our Anthidiine, 
flies in the spring (March 31—June 30). The four remaining species 
start early and finish late, as the following records show: Anthidium 
maculifrons, February 10-November 2; Dianthidium floridiense, February 
10-October 30; Anthidiellum notatum rufimaculatum, January 24- 
December 15; A. perplexum, February 10—-November 2. 

Stelis floridana. There is only one record for this parasitic bee: 
July 20, 1916. 

Xylocopa micans: February 25—November 24. 

Bombus. The earliest date for the female (queen) of americanorum, 
our common bumblebee, is February 12, the latest November 30. 
The two remaining species are comparatively rare, and for these the 
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early and late records are as follows: impatiens, July 20—October 24; 
separatus, April 8-December 22. As to the latter date, it was stated 
in the first part of this paper that the finding of a bumblebee collecting 
pollen at this time of the year came entirely unexpected. The question 
arises whether this particular species (separatus) is a hardier insect than 
americanorum, and normally carries its nesting activities over into the 
cooler season, or whether we are dealing with the exceptional behavior 
of an individual. 

Psithyrus variabilis. This parasite of Bombus americanorum has 
been met with on one occasion only: July 21, 1916. 


TYPES OF VEGETATION 


The vegetation of the Miami region is made up of several 
distinct types, a discussion of which is deemed essential to an 
understanding of the environmental conditions under which 
the bees live. The latter are in their majority not dependent 
upon any particular type of vegetation, they show a more or 
less even distribution throughout wherever suitable food-plants 
and nesting sites exist. There are, however, a number of 
species which, according to the information on hand, are 
restricted to certain well-defined areas. 

The following six types of vegetation are to be considered*, 
and for each a few of the plants mentioned, the flowers of which 
seem to be of especial importance in the economy of the bees. 


1. PINEWoops. 

The characteristic tree of the Pinewoods is Pinus caribaea (Caribbean 
pine), and this is the only pine found south of Miami. Palms, notably 
the saw-palmetto (Serenoa serrulata) and the cabbage palmetto (Sabal 
Palmetto), are prominent, and, in some places, even dominant members 
of the undergrowth, and their flowers are eagerly visited by bees and 
other insects. There is a great variety of herbs occupying the available 
spaces between the larger elements of the flora, and the flowers of some 
of these are very attractive to bees. 

Among the Composite (Carduacee according to Small) the following 
species deserve special mention: Bidens leucantha, Vernonia Blodgettii 
and Chrysopsis Tracyi. 

Bidens leucantha: This is an obnoxious weed locally known as 
‘Spanish needles,” a native of Tropical America, and, according to 
Small, widely distributed in tropical countries. Of extremely common 
occurrence, it inhabits roadsides and waste grounds in the Pinewoods, 
the Hammocks and the drier portions of the Marl Prairies. Its con- 
spicuous heads with the white rays and yellow tubular florets offer 
throughout the year, and especially during the summer months, a 
never-failing supply of pollen and nectar. It is a most important 

See Dr. R. M. Harper, Natural Resources of Southern Florida. From the 
18th Annual Report of the Florida State Geological Survey (1927). 
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food-plant of our native bees, and stands at the head of the list, so 
far as the number of visitors is concerned. Twenty-five species belong- 
ing to the following genera were observed: 1 Halictus, 3 Augochlora, 
1 Agapostemon, 1 Triepeolus, 4 Coelioxys, 9 Megachile, 1 Dianthidium, 
1 Ceratina, 1 Centris, 1 Xylocopa, 1 Bombus, 1 A pis. 

Vernonia Blodgettii: On the numerous purple heads fourteen species 
of bees of the following genera were taken in May and June: 1 Aga- 
postemon, 1 Epeolus, 1 Triepeolus, 1 Melissodes, 1 Coelioxys, 6 Mega- 
chile, 1 Anthidium, 1 Dianthidium, 1 Bombus. 

Chrysopsis Tracyi (Golden aster). This is mainly an autumnal 
species which reaches its maximum from about the beginning of Septem- 
ber to the middle of December, when patches of the conspicuous yellow 
heads appear on the pinelands. Scattered specimens, however, may be 
found in bloom during the rest of the year. Nine species of bees have 
been taken as visitors, and two of these, Melissodes perplexa and Perdita 
sp. (an undescribed species), obtain their pollen exclusively from these 
flowers. 

The cabbage-palmetto (Sabal Palmetto) produces small sweet- 
scented flowers in great abundance, which are visited chiefly on account 
of their nectar. Eleven species of bees, ranging in size from the small 
Halictus longiceps to the large carpenter bee, Xylocopa micans, were 
taken on the flowers. 

The leguminous plants, Crotalaria pumila (rattle box) and Galactia 
floridana (milk-vetch) are both quite attractive to bees. Crotalaria 
pumila, a weed with yellow flowers introduced from tropical America, 
is of common occurrence. Galactia floridana is a purple-flowered 
prostrate vine growing in patches. The closely related G. pinetorum, 
with smaller flowers. is also an inhabitant of the Pinewoods. 

Croton linearis (Fam. Euphorbiacee), a small shrub, has incon- 
spicuous white flowers with easily accessible nectar, which attract 
bees of the genera Halictus, Augochlora, Melissodes, Megachile, Heriades 
and Anthidiellum. 

Opuntia austrina, the only prickly-pear cactus of our Pinewoods, 
has large bright-yellow flowers with numerous stamens, but without 
nectar. This is a typical pollen-flower and its abundant supply of 
pollen attracts female bees of all sizes. 


2. TroprcAt HAMMOCKS. 


Dense forests composed mainly of tropical vegetation (trees, shrubs, 
climbing vines and herbs) are scattered throughout the region, especially 
south of Miami. They are locally called ‘‘hammocks.’’ Some are 
very small, while others, like the Brickell Hammock (along the Bay 
north of Coconut Grove) and the Royal Palm State Park (44 miles 
southwest of Miami) cover large tracts. The spaces between the 
trees are occupied mostly by climbers (lianas), the whole forming a 
more or less impenetrable jungle which receives very little light from 
above on account of the dense covering of the tree tops. For this 
reason shrubs and herbs thrive most abundantly in open spaces or 
along the margins. Roads leading through the ‘“‘hammock”’ are 
invariably bordered by a luxuriant roadside vegetation. A very 
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characteristic feature is the number of epiphytes (so-called ‘‘air-plants’’) 
attached to the trunks and limbs of living and dead trees, consisting 
mostly of ferns, orchids and bromeliads (pineapple family). Bees are, 
as a rule, not found in the intensely shaded interior of a hammock, 
where there are few flowers to attract them; but, wherever flowers are 
plentiful, as along the margins and the roadsides, bees may be as 
numerous as in the Pinewoods, and many of the species inhabiting the 
latter are found here. The weed, Bidens leucantha, referred to above 
(under ‘‘ Pinewoods’’) occurs in great numbers in such open situations. 
Of the native hammock plants attractive to bees Melanthera parvifolia 
(Composite) and Poinsettia cyathophora (Euphorbiacee) may be cited. 
The first-named forms large patches with very numerous heads of 
small white tubular florets, on which eight species of bees were taken. 
Not one of these visitors, however, is a typical inhabitant of the ham- 
mock. Offering an ample supply of pollen and nectar, the flowers of 
Poinsettia cyathophora attract insects of various orders. Seven species 
of bees were noted, one of which, Megachile morio, is distinctly tropical 
in its distribution, and has not been found by the writer outside of the 
Tropical Hammocks, so far. Centris versicolor, a single specimen of 
which was taken in Brickell Hammock on the flowers of Bidens leu- 
cantha, is also a species of the tropics, ranging southward to Argentina. 
I have repeatedly watched the flowers of hammock trees of various 
sizes, and to my great surprise found a scarcity or even lack of visitors. 
Large trees that had been tipped over by the hurricane of 1926 and were 
still alive, and blooming the following season, made it possible for me 
to observe the flowers at close range. 


3. MARL PRAIRIES. 


The pinelands of the Miami region are situated on a broad elevated 
strip along the coast, and west of these are the lowlands known as the 
‘‘Everglades,”” which Harper (9, 124) calls ‘‘the largest saw-grass marsh 
in the world.”’ The dominating plant, especially in wet situations, is 
a large sedge, Mariscus jamaicensis (saw grass). From the Everglades 
numerous arms of varying width run out between the island-like pine- 
lands towards the coast, and these are called ‘‘ Marl Prairies”’ on account 
of the marly character of the soil. 

Baccharis halimifolia (locally known as ‘‘glade myrtle”) is a small 
tree belonging to the Composite, which occurs in great abundance. 
The innumerable white heads of this dioecious plant form a very 
conspicuous covering of the upper parts, from about the middle of 
October to the middle of December. The sweet-scented flowers are 
visited by bees and other kinds of anthophilous insects in large number. 
Sagittaria lancifolia (arrowhead), a common inhabitant of wet grounds, 
produces large white flowers which are especially attractive to the bee 
Hylaeus schwarzii Ckll. Once only have I come across this bee visiting 
the flowers of another plant, viz. Bramia Monniera, which too is a 
species of the Marl Prairie. Robertson (5) has taken Hylaeus schwarzii 
at the flowers of Prunus umbellata, Eriocaulon sp., Utricularia inflata, 
Castalia reniformis and Nymphaea advena at Inverness and Orlando, 
Florida, both of which are in the Austroriparian zone. Eriocaulon 


ec 








172 Annals Entomological Society of America {Vol. XXIII, 


occurs usually in low grounds, Utricularia, Castalia and Nymphaea 
are decidedly hydrophytic. I have found Hylaeus schwarzii at Miami, 
South Miami and the Royal Palm State Park on numerous occasions, 
and always in moist or wet habitats, and do not hesitate to consider it 
a characteristic species of the Marl Prairies of the Miami region. 


4. Coast PRAIRIES. 


On account of the salty condition of the soil, the low prairies along 
the shores of Biscayne Bay are inhabited by salt-loving plants (halo- 
phytes). Of the Coast Prairie type of vegetation Harper (9, 180) 
states that ‘it has been confused with the Everglades by some writers, 
and its inland edge does not differ much from the southern edge of the 
Everglades, but the Everglades are never touched by saltwater.” 

North of the large hammock at Cutler (about 9 miles south of Miami) 
there is a considerable portion of shoreland of the Coast Prairie type. 
South of the canal leading into Chapman Field (in the northern part 
of which the Plant Introduction Garden of the U.S. Dept. of Agriculture 
is located) a broad belt of mangroves (Rhizophora mangle) occupies the 
wet land and extends out into the shallow water, while in the slightly 
higher and drier situations the black mangrove (Avicennia nitida), 
white mangrove (Laguncularia racemosa), and the button-wood (Con- 
ocarpus erecta) are the characteristic plants of larger size. Farther 
inland where the soil is markedly drier, Baccharis halimifolia (mentioned 
above under “Marl Prairies’’) grows in profusion. The following 
halophytic herbs, the flowers of which are visited by bees, occur here: 
Borrichia frutescens, Sesuvium maritimum, Heliotropium curassavicum 
and Bramia Monniera. Borrichia frutescens (Composite) has large 
heads with yellow rays, on which middle-sized bees (species of Melis- 
sodes, Megachile and Triepeolus) are found. The other halophytes 
mentioned are low plants with small flowers, and these are visited by 
the small bee Halictus (Chloralictus) halophilus, the type specimens of 
which were taken by the writer in this locality. Later on he has come 
across it on a narrow peninsular strip projecting from the northern end 
of Chapman Field out into Bay Biscayne, as also several miles farther 
north at Cocoplum Beach. In both places it was visiting the flowers 
of Sesuvium Portulacastrum (Sea-purslane) and the spurge Chamaesyce 
buxifolia, two additional halophytes. In the Miami region the bee 
Halictus halophilus seems to be confined to the Coast Prairie type of 
vegetation, and probably occurs in other regions along the coasts of 
sub-tropical Florida wherever. the corresponding type of vegetation 
exists. 

5. DuNE VEGETATION. 

Opposite Miami, between the eastern shore of Biscayne Bay and the 
Atlantic Ocean, is a narrow barrier beach upon the southern end of which 
the city of Miami Beach has been built. This is a southern extension 
of the barrier beach along the Florida East Coast, and the two keys 
immediately south of Miami Beach (Virginia Key and Biscayne Key 
with Cape Florida at its southern tip) are continuations of the same 
costal strip. The more elevated portions of the dunes along the 
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Atlantic shore are out of reach of the waves of ordinary storms, but are 
subject to spray, and are inhabited by a number of halophytic plants. 
The largest native plants on the dunes are the sea-grape (Cocolobis 
uvifera), the Spanish bayonet (Yucca aloifolia), the bay-cedar (Suriana 
maritima), and Tournefortia gnaphalodes. Two large trailing vines, 
Ipomoea Pes-capre (goat’s foot morning glory) and Canavali lineata 
(a bean of West Indian origin), are very conspicuous elements of this 
type of vegetation. 

The bees inhabiting the dunes have been taken mostly on the 
flowers of Helianthus debilis (beach sunflower), Alternanthera floridana 
and Crotalaria pumila, a leguminous weed considered previously under 
Pinewoods vegetation. Helianthus debilis has large yellow rays and 
is more attractive to visitors than any other dune flower. The small 
and very inconspicuous flowers of Alternanthera floridana are visited 
by the small bees Halictus marinus and H. lepidii. There are three 
bees peculiar to the dunes, which I have never succeeded in finding 
in any of the other types of vegetation. These are Megachile town- 
sendiana on Helianthus debilis at Miami Beach and Las Olas Beach 
(at Fort Lauderdale); Osmia subfasciata on Crotalaria pumila at Miami 
Beach and on Key Biscayne, and Halictus marinus on Alternanthera 
floridana, Helianthus debilis and Sesuvium Portulacastrum at Miami 
Beach, Key Biscayne, Golden Beach and Las Olas Beach. 


6. THE “Scrus.” 

According to Harper (9, 79) ‘‘the driest and poorest soils in South 
Florida, consisting almost entirely of white quartz sand, are usually 
occupied by a type of vegetation known as “‘scrub.’’ He points to 
its occurrence in the Lake Region of Central Florida, and as a narrow 
strip along the East Coast as far south as Dade County. In 1924 
Small (24, 89) wrote as follows: “It seems that the southern limit of 
the ‘‘scrub”’ on the eastern coast is just west of Lemon City, between 
three and four miles north of Miami. The characteristic plant- 
association was there, excepting spruce-pine (Pinus clausa) which, 
however, was reported from that region not many years ago.” 

I have not been able to find any remnants of the “‘Scrub”’ in this 
particular locality, and believe that it has been wiped out by the extensive 
real estate activities of the last few years. Thereis, however, a small area 
of ‘“‘Scrub”’ southwest of Hollywood, (16 miles north of Miami) which 
the writer has visited on several occasions. The two following very 
characteristic plants of the ‘‘Scrub”’ are still in existence: Pinus 
clausa (scrub-pine or spruce-pine) and Ceratiola ericoides (rosemary), 
and a number of other species usually associated with the ‘‘Scrub” 
are there. An undescribed species of the bee genus Perdita which 
visits exclusively flowers of the genus Chrysopsis (Composite) was found 
there, and I have been able to trace its occurrence in the ‘‘Scrub”’ as 
far as Stuart, which is 100 miles north of Miami. In the northwestern 
section of the city of Miami (S. E. corner of N. W. 7th St. and 22nd 
Ave.) there is a small area of vegetation on pure sand, where I have 
repeatedly found this bee on Chrysopsis Tracyi, the only species of 
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Chrysopsis in that locality. Another bee, Augochlora fulgida, occurs 
there, and in the “Scrub”’ near Hollywood and at West Palm Beach, 
but neither this nor the Perdita sp. have been met with in the Pinewoods 
on the Miami limestone south of the city of Miami. 
LITERATURE. 
1. T. D. A. Cockerell. 1904. Some little-known bees of the genus Colletes. 
Ent. News, 15, 276-277. 
2. 1922. Bees in the collection of the U.S. Nat. Mus. Proc. U.S. Nat. Mus. 
60, Art. 18, 1-20. 
3. J.C. Crawford. 1914. Some species of the bee genus Coelioxys. Ann. Ent. 
Soc. Am. 7, 148-159. 
4. W. J. Fox. 1890. Description of three new Hymenoptera. Ent. News, 1, 
106-108. 
5. J. H. Frison. 1916. Note on the habits of Psithyrus variabilis. Bull. 
Brook. Ent. Soc. 11, 46-47. 
6. S. Graenicher. 1905. Some observations on the life history and habits of 
parasitic bees. Bull Wis. Nat. Hist. Soc. 3, 153-167. PI. I. 
7. 1927. Bees of the genus Halictus from Miami, Florida. Psyche, 34, 
203-208. 
8. 1928. New bees from the Miami Region of Florida. Ent News, 39, 279-284. 
9. R.M. Harper. 1927. Natural Resources of Southern Florida. 18th Ann. . 
Rept. Fla. St. Geol. Surv. 
10. C. H. Hicks, 1925. Nesting habits and parasites of certain bees of Boulder 
Co., Colorado. Univ. Col. Stud. 217-252. 
11. F. A. Lutz and T. D. A. Cockerell. 1920. Notes on the distribution and 
bibliography of N. Am. bees. Bull. Am. Mus. Nat. Hist., 42, 491-641. 
12. C. H. Merriam. 1891. The geographical distribution of life in N. Am. 
Smiths. Rept., 1891, 365-415. 
13. C. W. Metz. A revision of the genus Prosopis in N. Am. Trans. Am. Ent. 
Soc., 37, 85-156. Pl. II-IX. 
14. Chas. Robertson. 1897. N. Am. bees. Trans. Acad. Sc. St. Louis, 7, 
315-356. 
15. 1926. Phenology of inquiline and nest-making bees. Psyche 33, 116-120. 
16. 1927. Florida flowers and insects. Trans. Acad. Sc. St. Louis, 25, 277-324. 
17. W. E. Safford. 1919. Nat. Hist. of Paradise Key and the nearby Ever- 
glades of Florida. Publ. 2508, Smiths. Rept. 1917, 377-434; 64 plates. 
18. H. F. Schwarz. June, 1926. N. Am. bees of the genus Heteranthidium. 
Am. Mus. Nov. No. 218. 
19. October, 1926. N. Am. Dianthidium, Anthidiellum and Paranthidium. 
Am. Mus. Nov. No. 226. 
20. March, 1927. Additional N. Am. bees of the genus Anthidium. Am. Mus. 
Nov. No. 253. 
21. 1928. Bees of the subfamily Anthidiinae, etc. Journ. N. Y. Ent. Soc., 36, 
369-418; 2 pl. 
22. J. K. Small. 1913. Flora of Miami. 
23. 1924. Plant novelties from Florida. Bull. Torr. Bot. Cl., 51, 379-393. 
24. 1924. The land where spring meets autumn. Journ. N. Y. Bot. Gard., 25, 
53-94. 
25. F. Smith. 1853. Catalogue Hymenopt. Brit. Mus. 
25. H. S. Smith. 1907. Contribution to a monograph of the Ceratinidae of 
North and Middle Am. Trans. Am. Ent. Soc., 33, 115-124. Pl. III. 
27. M.H.Swenk. 1908. Specific characters in the bee genus Colletes. Contr. ’ 
Dept. Ent. No. 1, Univ. Nebr., 43-102. Pi. I-III. 
28. 1925. Two new bees of the genus Colletes, oligotropic upon Petalostemum. 


Am. Mus. Nov. No. 186. 

29. P. H. Timberlake. 1928. Bees of the genus Perdita in the J. C. Bridwell 
collection. Proc. Haw. Ent. Soc., 7, No. 1, 151-161. 

30. H.L. Viereck. 1902. Descriptions of N. Am. bees. Can. Ent., 34, 325-331. 





CONTRIBUTION TO A KNOWLEDGE OF THE SPINDLE 
WORM, ACHATODES ZEAE (HARRIS.) 


(Lepidoptera, Noctuide.) 


E. P. BREAKEY, 
Wisconsin Department of Agriculture and Markets. 


The spindle worm, Achatodes ze@ (Harris), has been known 
to taxonomists since 1841. Accounts of it have frequently 
appeared in economic literature, but much uncertainty exists 
as to its economic status, and only fragments of its life history 
have been recorded. Since these studies were undertaken 
Balduf (1) has noted certain important elements of its seasonal 
history in connection with his observations on its parasites. 
The spindle worm first claimed the writer’s attention late in 
the spring of 1927, when large numbers of them were found 
boring in the shoots of the common elder, Sambucus canadensis 
L., near Madison, Wisconsin. Data gathered would indicate 
that while A. ze@ may be considered a potential pest of certain 
crops in some localities it rarely attacks these in its natural 
environment. 

The first account of the spindle worm to be found in the 
literature is that of Dr. T. W. Harris. On page 319 of the 
1841 edition of his Insects Injurious to Vegetation the species 
is described under the name of Gortyna zee. Later it was 
transferred to the genus Achatodes of Guenée where it has 
remained. 


DISTRIBUTION AND HOST PLANTS. 


Achatodes zee has been recorded from Maine, Massachusetts, 
New York, New Jersey, Ohio, Ontario, Indiana, Illinois, lowa 
and Louisiana. In addition the writer has found it well dis- 
tributed in Wisconsin and believes that its range will prove 
to be coextensive with that of its natural host plant, Sambucus 
canadensis L. Spindle worms have not been found in the 
shoots of the red-berried elder, S. racemosa L., although they 
have been sought in well developed stands of this plant. The 
fact that the latter has reached a more advanced stage in ~ 
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development by the time the young caterpillars are about in 
the spring may account for its freedom from attack, for evidence 
gathered indicates that they find difficulty in entering a shoot, 
the exterior of which has become hard and woody. The 
difference that exists in the piths of the two plants may be a 
factor as that of the red-berried elder is tough and brown. 


ECONOMIC HISTORY 


Occasionally the larve of Achatodes zee are found feeding in the 
stems of other plants. We learn from Dr. Harris’ account (5) that it 
was known to the farmers and gardeners of Massachusetts as the 
spindle worm from its destruction of the spindle of the corn, but that its 
attacks usually began before the spindle arose much above the tuft of 
leaves in which it was embosomed. We are also told that it was known 
to attack the stems of Dahlia and had been found in the pith of elder. 

Smith (8) records a communication from Dr. F. H. Chittenden in 
which we are informed that this is one of the cases in which Dr. Harris 
was wrong, that A. zee feeds exclusively, so far as records go, in the 
stems of elder, and that any records of it injuring corn or strawberry, 
are in his (Chittenden’s) opinion, incorrect. It is also pointed out that 
the true culprit found attacking such crops is Papaipema nitela or 
nebris, and that the species mentioned by Harris refers to both. 

After examining the citation given by Dr. Chittenden, the writer is 
convinced that in this instance Dr. Harris was not confused as to the 
identity of the two insects he was considering. The description of the 
spindle worm given on pages 438 and 439 of the above citation, though 
brief, fits the larva of A. see very well. After completing his account 
of this insect, Harris turned his attention to another caterpillar (p. 440) 
which he states is something like the spindle worm. We are told that 
this particular caterpillar had often been found by farmers in potato 
stalks, and that he himself had taken it from Chenopodium. Since the 
transformation of this caterpillar had not been observed, it was not 
given a name, but it is evident from his account and drawing that he 
had before him the larva of Papaipema sp.; and that he was fully aware 
it was not the spindle worm. 

The detailed description written by Felt (4) for the half grown 
spindle worm, however, is obviously of another species. 

Ellis (2) records an instance where eight young spindle worms were 
found in an equal number of sweet corn plants on May 28. The corn 
had not reached the spindle stage, but the larve were in well-defined 
burrows and were headed upward in these tunnels. The insect has also 
been recorded as injuring corn along the edge of a field near an elder 
thicket in Iowa (3). 

No records of the spindle worm injuring corn in Wisconsin can be 
found, but on June 8, 1928, the writer removed three larvze from as many 
Dahlia plants at Janesville. These plants were small and were near a 
well developed growth of elder. 
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METHODS. 


The abundance of the material together with its accessibility con- 
tributed much toward the success of making detailed observations of the 
activities of A. see under natural conditions. It has been possible to 
supplement these with observations made of specimens in confinement. 
Records kept for the insects in confinement gave such information as 
the length of the adult’s life, the number of eggs laid, the effect of 
fertility on fecundity, and others that were scarcely anticipated. 
Extensive collecting was done, since a census of the natural enemies 
that might be attacking the species was desired, in addition to the 
material needed for stocking the cages. 

From the adults that emerged in 1929 the following groups were 
selected for more detailed observation: Six fertile females, six males, and 
six virgin females. Each moth was confined soon after eclosion in 
an individual cage made from a tin box, one side of which had been 
provided with a screened opening. The bottom of each cage was 
covered with three or four thicknesses of toweling paper cut to fit. 
Food was supplied in the form of loaf sugar that had been dipped in 
water. The females were provided with artificial egg repositories 
described elsewhere. In both 1928 and 1929, moths were confined in 
larger cages where observations of a more general nature could be 
made. All cages were kept under a shelter which experienced the same 
temperatures as those prevailing outside. 


EGG REPOSITORIES. 


After discovering that the moths seek close crevices or folds in which 
to oviposit, special egg repositories were provided with the aim of 
making the eggs more accessible for observation. A small sheet of 
paper 10.5 X 14 cm. was taken from a desk pad and accordion-pleated 
crosswise with centimeter folds. The pleats were then appressed at one 
end and secured with a paper clip. The result was a small paper fan 
which was placed in the cage, flaring end down. Because of the ease 
with which the repositories were constructed, they were replaced as 
often as desired. When one was removed from a cage, such information 
as the date and cage number was written on one of the lower corners, 
the clip was removed and it was stored for future observation. The 
moths always placed their eggs between the closely appressed folds 
near the clip. By pulling the pleats apart the egg masses were exposed, 
although fibers from the adjacent fold sometimes had to be removed 
with a pair of fine tweezers before an unobstructed view of the eggs 
could be had. 


SEASONAL HISTORY AND HABITs. 


Achatodes zee has but one generation a year and shows a 
nicety of adjustment to the seasonal development of the host 
plant. At Madison the eggs are laid, for the most part, during 
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the last half of July. Winter is passed as a developing embryo 
within the chorion of the egg. Hatching of the eggs is irregular, 
but takes place mostly during the last part of April and the 
first part of May. By the end of June larval growth is at an 
end and pupation is taking place. The pupal stage lasts about 
15 days. Oviposition begins shortly after the adults emerge. 


Location of the Eggs. 


The eggs of A. ze@ have always been found where they had 
been inserted in close crevices and folds occurring in the dry 
and discolored remains of the host plant, or in those of other 
plants present in the immediate vicinity. Balduf states, in 
correspondence, that moths which he had in confinement 
placed their eggs under the edges of loose bark of old elder 
stems, but adds that no other condition was provided. The 
writer has had moths do the same, but no preference was shown 
for this method of concealing the eggs. 


Manner of Oviposition. 


The female seems to locate a suitable place for her eggs 
entirely by the trial and error method. When her ovipositor 
enters a crevice narrow enough to offer the apparently necessary 
resistance she tarries long enough to deposit a mass of eggs 
before moving on to find another. In all the cases observed, 
the female turned her ovipositor about through a quarter turn 
in placing the eggs, the longitudinal axis of her body being 
parallel with the length of the crevice. 

The eggs are pushed well down into the crevice or fold, to as 
great a depth as 3 mm., and are usually laid in more or less 
even masses of straight rows, as many as four rows being 
superimposed one upon the other. The eggs are securely 
cemented in place by a clear fluid provided by the moth. This 
cement appears to be chitinous in that it is unaffected by 
either hot or cold water, 70 per cent alcohol, xylene, ether or 
glacial acetic acid. A strong solution of sodium hydroxide 
failed to dissolve it in eight hours, although much of the chorion 
had been removed from the eggs. Commercial sulphuric acid 
in the same length of time apparently had little effect on either 
the cement or the chorion of the eggs. On the other hand, 
hydrochloric acid attacked the cement but left the chorion of 
the eggs intact. 
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The approach of darkness stimulates the moths to activity 
and oviposition begins soon after. It was not learned how far 
into the night oviposition continued. Sudden exposure of the 
moths to bright light stopped all activity. By providing an 
artificial twilight it was possible to stimulate the moths to 
activity and to observe their behavior. 

The duration of the period of oviposition for the fertilized 
females in confinement varied from one to four days. Two and 
one-half days was the average secured, and it would seem that 
this is more typical of the usual behavior of the insects than 
either extreme. 


Daily and Total Egg Production. 


Each female during her life deposited an average of 18+ 
egg masses which contained an average of 16+ eggs each. 
The largest number of egg masses deposited by one female 
during one day was 15, and the maximum total for one individual 
was 27. The smallest number of egg masses deposited by one 
individual during her entire life was 6. The number of eggs 
in the masses varied from 2 to 58. 

The number of eggs deposited by a moth during one day and 
during her life varied greatly. Since all moths were fed from 
the beginning it is not known what effect a lack of food might 
have had on egg production. It has been found that food 
does affect the fecundity of some species of Lepidoptera, those 
having access to food being more productive. The effect of 
fertility on fecundity will be discussed under a separate heading. 

The average daily egg production of the six females was 119. 
The minimum number of eggs deposited by any one female on 
one day was 44 and the maximum number was 281. The 
average number of eggs deposited by a moth during her life 
was 297 and the extremes of 148 and 453 were secured. This 
variability in number of eggs laid is by no means confined to 
this species of Lepidoptera. 


Fertility. 
It was learned that fertilized females may lay a few infertile 
eggs. These failed to change in color and soon collapsed. 
A few eggs were found that had changed color and then col- 


lapsed, indicating that death had followed soon after embryonic 
development had started. 








180 Annals Entomological Society of America |Vol. XXIII, 


Length of Incubation Period. 


Achatodes zee spends approximately three-fourths of its life 
span within the chorion of the egg. Eggs laid during the 
latter part of July do not hatch until late in April or the first 
of May of the following year. Those laid in 1928 had hatched 
by May 1, 1929. Balduf states, in correspondence, that eggs 
which he had overwintered outside his window at Urbana, IIL., 
had hatched on April 25. The first eggs to be laid by a moth 
in confinement in Madison were deposited on July 20 and the 
last on August 2. When first laid, the eggs were a creamy 
white in color but began to darken by the third day, taking 
on a pinkish cast which deepened to a maroon, and within a 
week became a dark amber. Such a change indicates that 
embryonic development began very soon after the eggs were 
laid. Eggs dissected on November 15 disclosed that embryonic 
development had gone beyond the gastrula stage. 


ITabits of the Caterpillars. 


With the coming of warm weather in the spring, the eggs 
hatch and the young caterpillars scatter in search of the tender 
shoots of the host plant, choosing to attack the more succulent 
portions. A newly hatched spindle worm displays considerable 
endurance and leads a solitary life from the beginning. As 
development progresses, the burrows are abandoned as they 
are outgrown or as the food supply becomes exhausted and new 
locations are sought. 

The spindle worm is a gross feeder and in the later stages will 
mine out the hearts of the shoots until only a thin shell remains. 
With few exceptions the mines proceed upward from the point 
of entry. Large quantities of wet excrement are produced by 
the larva, only a portion of which is discharged from the entrance 
to its burrow. The bleeding of the continuously wounded 
plant tissues together with the excrement of the larva would 
soon make the burrow an undesirable habitation were it not 
that feeding is progressively upward and away. The cater- 
pillars do very little silk spinning, but they do have this ability, 
as a larva collected on July 5 closed the opened end of its 
pupal chamber with a well formed silken web. 
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Length of Larval Life. 


Larval life is approximately 60 days in length. The eggs 
begin hatching the latter part of April, and by the middle of 
May caterpillars can be found in a number of the earlier stages 
of development. A remarkable uniformity is shown in the 
completion of larval development when this unequal start is 
considered. Larval development in 1928 was noticeably 
retarded at the beginning when compared with that of 1929, 
although pupation took place about on time. On July 1, 1928, 
many pupez were collected and only a few larve were found, 
these being taken in the cells constructed for pupation. On 
July 5, 1929, numerous pupz were collected without a single 
larva being found. 


Preparation for Pupation. 


When larval development is nearing completion the spindle 
worms abandon the burrows in which they have been feeding 
and seek the dry and dead shoots of a former season’s growth 
in which to construct their pupal chambers. An examination 
of such shoots often disclosed that they had been mined out by 
caterpillars in other seasons and that death probably resulted 
from the attacks of the caterpillars. Pupz have also been 
collected from the dry stems of weeds that happened to be 
accessible; and where there was a dearth of suitable locations 
the caterpillars entered the pith exposed at the broken ends of 
old and woody stalks or stems lying prone on the ground. 
It was evident that the caterpillars preferred standing shoots 
when seeking a place in which to undergo transformation. 
The pup were usually found within two or three decimeters 
of the ground. In one instance a pupa was found nearly a 
meter above the ground and others have been found nearly as 
high. 

There seems to be a definite limit to the hardness and 
thickness of the woody exterior of the stem through which the 
caterpillars will bore to reach the pith. Green shoots were found 
which displayed a number of attempts to bore into them. 
Each place had apparently been abandoned because of the 
resistance offered by the wood. Access to the pith of a dry 
shoot is often gained through an opening left by a former 
eccupant. When the pith has been reached the caterpillar 
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mines through it for a considerable distance, more than two 
decimeters in one instance, upward if the stalk is standing, 
packing the dry frass behind it, then turns aside and cuts an 
exit for the moth. A thin layer of the outermost part of the 
stem is sometimes left to conceal the exit, or it may be closed 
by a few bits of frass carelessly placed. In rare instances a 
tympanum of silk had been used, but many times there seemed 
to have been no effort on the part of the caterpillar to close the 
exit. It may be that the pupa uses the protuberances on the 
cephalic end to clear the exit for the unimpeded issuance of 
the moth. The chrysalis is left in the pupal chamber with the 
issuance of the moth. 

In attempting to account for the migration of the spindle 
worms from their feeding burrows in the green shoots to the 
dry stems in anticipation of pupation, the following factors 
were noted. The accumulation of wet excrement in the bur- 
rows, to which is added the moisture resulting from the bleeding 
of the wounded tissues of the host plant, provides an excellent 
medium for the development of numerous organisms of decay, 
and results in a place scarcely suitable for such an insect to 
undergo transformation. It was also noted that in instances 
where the shoots remained green, large knotty growths of 
parenchymatous cells were formed by the plant, apparently 
in an attempt to replace the tissue eaten away, and that often 
the exits left by the caterpillars had partially closed sometime 
before transformation had been completed. The spindle worm 
would be able to remove such an imprisoning obstruction, but 
the pupa would not and the moth would be trapped. 


Length of Pupal Stage. 


The length of the pupal stage was found to be quite variable. 
In 1928 the first moth issued on July 8 and the last on August 1. 
The first moths to issue in 1929 appeared on July 10. Eclosion 
reached its peak on July 18, then gradually fell off, the last 
moth appearing on August 3. In general, the pupal stage of 
A. zee can be said’ to occupy about 15 days. 


Habits of the Moths. 


The moths remain concealed during the day, secreting them- 
selves in protected places. Their russet and gray coloring 
renders them inconspicuous, especially when hiding among the 
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discolored plant remains of an elder thicket. Activity begins 
with the coming of darkness. The moths are not readily 
induced to take flight during the day but usually drop to the 
ground and remain perfectly quiet. In fact it is possible to 
examine them then, turning them over and about in the hand 
at leisure with scarcely any activity being displayed. If they 
are disturbed during the dusk of evening they will either 
attempt to fly or will scuttle away into hiding. It was learned 
that they would feed on sugar solution. Whether or not food 
prolongs the life of the adult was not determined. 


Longevity of the Adults. 


Under the conditions outlined the males lived an average 
of 10 days, the fertile females 9 days, and the virgin females 


10 days. A male holds the record for longevity having exceeded 
14 days. 


Oviposition Without Fertilization. 


It was found that the oviposition of virgin females is greatly 
delayed. The preoviposition period of the six virgin females 
was 514 days as compared with the 2% day period of the six 
which were permitted to mate. Virgin females laid fewer eggs, 
an average of 140 eggs being obtained from them as compared 
to 297 from the fertilized females; and the egg masses deposited 
by them contained fewer eggs in the proportion of 12 to 16. 
The virgin females did not cement their eggs so secirely in 
place as did the fertile females, nor were they so careful about 
placing them. 


ASSOCIATED SPECIES. 


Several times larve of Papaipema sp. were found in burrows 
that had been abandoned by spindle worms when they had 
gone in search of quarters for pupation. The stalk borers had 
apparently commenced feeding where the spindle worms had 
left off. Both the larve and pupz of the elder leaf-tier, 
Phlyctaenia tertialis Gn.* were encountered while making these 
investigations. Early in June young larve of this species were 
found feeding on the unfolding leaves of the elder, and were 
again encountered during the first part of August in pupal 


*Determined by Carl Heinrich. 
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chambers which they had cut in the pith of the dead shoots. 
No evidence was found to indicate that they had been able to 
cut through the woody exterior of the stems, but had reached 
the pith through broken ends or through openings made by 
spindle worms. They had however, constructed their own 
pupal chambers in the pith. A common species of slug, Limax 
sp., invaded the recently abandoned feeding burrows of the 
spindle worms in numbers. 


NATURAL ENEMIES. 


An effort was made to gain some insight into the perils 
which threaten the safety of Achatodes zee during the course 


; CHART I. 
KNOWN PARASITES OF ACHATODES ZEAE (HARRIS) 


Microplitis gortynae* 

Lissonota sp.* Eupteromalus viridescens 

Larvae ; 5 

Microbacon lutus. upteromalus dubius* ‘ 
Epiurus pterophori 


Achetedes sone Amblyteles caeruleus* 
Amblyteles brevicinctor* 
Amblyteles scelestus 

Pupae Amblyteles consignatus 
Ephialtes aequalis* 
Miotropis clisiocampae 


Psychophagus omnivorus* 


of its life. Data gathered would indicate that the chances for a 
full grown spindle worm to become a moth are less than one in 
three. The percentages given below are based on records 
covering a series of 172 specimens in 1928 and 124 in 1929. 
In 1928 about 28 per cent of the population was destroyed by 
Hymenopterous parasites while nearly a fifth of the population 
suffered from the prédatory activities of birds. Hymenopterous 
parasites destroyed about 30 per cent of the population in 1929, 
while the activities of birds were not nearly so evident. Fungi 
and bacteria were certainly responsible for the death of many 


*Found at Madison. 





1930] Breakey: The Spindle Worm 185 


individuals that failed to live beyond the pupal stage, although 
exact information on this is lacking. No Dipterous parasites 
were found attacking the species. Balduf’s statement that 
‘‘any parasites attacking the egg, larva, or pupa need to pene- 
trate more or less woody tissue of the elder to reach the host”’ 
is not entirely in keeping with the writer’s observations. 


HYMENOPTERA“. 


Microplitis gortynae Riley (Braconidz). 


Of the two species of Hymenoptera found destroying the 
larve of A. zee at Madison, M. gortyne was the most important. 
Spindle worms parasitised by this species appear normal until 
pupation is imminent, when the parasite larve issue through 
the body wall of the host, death to the host being the result. 
This parasite was responsible for the destruction of nearly 10 
per cent of the specimens of A. ze@ found. An average of 27 
individuals issued from each caterpillar. The above figures 
agree with those obtained by Balduf for this parasite. Each 
parasite larva surrounded itself with a tough, ribbed, yellowish- 
white cocoon having a reddish cast. Balduf gives a detailed 
account of the issuance of these parasite larve from their host 
and of their cocoon spinning. He also states that the spindle 
worms are usually overcome and killed by the parasites in their 
original (feeding) burrows. With few exceptions the individuals 
attacked by this parasite at Madison were found in their pupal 
chambers. The adult parasites did not emerge until late in 
May of the following year. Hawley (6) gives an account of 
the manner in which the caterpillars of Gortyna immanis Gn. 
were attacked by the adults of this parasite. His account 
suggests that the spindle worms may be attacked during their 
wanderings or that their burrows may be invaded by the 
parasite. Microplitis gortyne is also a well known parasite 
of Papatpema larve. 

About 30 per cent of M. gortyne were parasitised by Euptero- 
malus dubius (Ashm.) (Pteromalidze) in 1928. Specimens of 
this hyperparasite emerged during the middle of July of the 


*The writer wishes to acknowledge his indebtedness to Messrs. Cushman, 
Gahan, and Morrison for their services in securing the determination of the 
Hy menoptera. 
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same year. Eupteromalus dubius obviously has more than one 
generation a year whereas the host is single brooded. The 
parsite cuts a neat cap from its cocoon in making an exit; 
but the hyperparasite cuts an irregular opening without con- 
sistency as to location. Cocoons of M. gortyne secured in 1929 
did not yield E. dubius. 

Balduf found the closely related species E. viridescens 
(Walsh.) parasitising M. gortyne in Illinois and Ohio and did 
not report E. dubius. 


Lissonota sp., probably brunnea (Cress.) (Ichneumonidz) 


Two of the large brown cocoons of this parasite were found 
in the pupal chambers of A. zee in 1928. One of these bore 
the head capsule and skin of the host sticking to one end. 
Adults were secured from neither of these, one of them being 
parasitised by E. dubius. Twenty specimens of this hyper- 
parasite issued from the cocoon on August 15. It is interesting 
to note that in this instance E. dubius is a multiple parasite 
whereas it is a solitary parasite of M. gortyne. According to 
Balduf E. viridescens is a multiple parasite of Microbracon 
lutus (Prov.) (Braconidae), a parasite of A. ze@ in Illinois and 
Ohio. Another of these cocoons was found in 1929, and on 
July 31 ten specimens of E. dubius issued from it. 


Psychophagus omnivorus (Walk.) (Pteromalidz) 


This multiple parasite did not appear in 1928, but in 1929 it 
issued from 25 per cent of the pupe collected. While collecting 
on July 14 a female was found in the act of ovipositing in a 
pupa. She had inserted her ovipositor through the con- 
junctiva between two segments of the abdomen. Both pupa 
and parasite were placed in a small bottle which was closed with 
a cotton stopper. On July 29 sixteen female specimens issued 
from the chrysalis. Only females issued from many of the 
chrysalids under observation while some yielded only males. 
An average of 20 females issued from those chrysalids on which 
definite data were secured, while 80 males issued from one. 

Psychophagus omnivorus has also been recorded from pupz 
of the apple-tree tent caterpillar, Malacosoma americana Fab. 
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Amblyteles caeruleus (Cress.) (Ichneumonidz). 


Over ten per cent of the parasitism of A. zee in 1928 was due 
to this species. This solitary parasite passes the winter in the 
larval stage within the chrysalis of the host. Specimens over- 
wintered outside by the writer, emerged on June 1 and 5. 
Adults confined in a cage with shoots containing spindle worms 
were very alert and shy, dodging for cover with the least provo- 
cation. On several occastons dead and mangled spindle worms 
were found on the bottom of the cage, and although the parasites 
were not observed to do so, it would appear that they had 
killed the caterpillars. The experiment was interrupted without 
observing the oviposition of the parasites. This species has 
but one generation a year, which like that of M. gortyne, is 
nicely adjusted to the cycle of the host. Balduf also reports 
this species as a parasite of A. zee in Illinois. 


Amblyteles brevicinctor (Say). 


This solitary parasite is represented by one specimen that 
issued from a chrysalis of A. zee on July 14, 1929. Since this 
chrysalis was of the 1929, generation it is obvious that the 
parasite has more than one generation a year. This species 
has also been secured from pupae of the European corn borer, 
Pyrausta nubilalis Hubn. 

In addition to the Amblyteles recorded above, Balduf found 
A. scelestus (Cress.) parasitising A. ze@ in Ohio and A. con- 
signatus (Cress.) attacking it in Illinois. 


Ephialtes aequalis (Prov.) (Ichneumonidz). 


Ephialtes aequalis is another solitary parasite that was 
secured for the first time in 1929. Two specimens issued from 
chrysalids of A. zee on July 25 and 29 respectively. These 
pup were of the 1929 generation so the parasite has more than 
one generation a year. This species is a well known enemy 
of the codling moth, Carpocapsa pomonella L., and has been 
recorded from a great variety of Lepidopterous hosts. 

In addition to the species that have been mentioned, Baldut 
secured specimens of the following parasites from A. ze@ in 
Ohio: Epiurus pterophori (Ashm.) (Ichneumonide) and Mio- 
tropis clisiocampe Ashm. (Eulophidz). 
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DIPTERA. 


Dipterous parasites were not encountered during the course 
of these investigations at Madison. Balduf reports the interest- 
ing habits of Aphiochaeta aletie (Coms.), a Phorid which he 
found preying on spindle worms that were in a diseased con- 
dition. He reports that the species is a scavenger, the maggots 
appearing to habitually feed internally in the caterpillars, 
utilizing the anal or perhaps the oral opening as a place for 
entrance. 


BIRDS. 


It has been a common experience to find pupal chambers of 
A. zee that had been opened and robbed of their occupants by 
some species of woodpecker. In 1928 evidence was obtained 
which indicated that nearly a fifth of the population had suffered 
from the predatory activities of birds. No indications were 
found that birds had taken larve from the green shoots in which 
they feed. The activities of birds were not nearly so evident 
in 1929. 


DESCRIPTIONS. 


The spindle worm is the most easily recognized of all the 
Noctuid borers. Taxonomists have found that the larve of 
A. zee present morphological characters of unusual specific 
value. A detailed description of the sixth instar larva has been 
prepared and remarks on other instars relate to that. 


The Egg. 

The egg of Achatodes se@ is circular in cross section, flattened at 
both poles, creamy white when first deposited, by the third day it is 
darker, having taken on a reddish cast which, within a week, deepens 
to a dark amber, and just before hatching becomes even darker. Polar 
diameter .33 mm., equatorial diameter .66 mm. Chorion of equatorial 
area sculptured with shallow somewhat uneven pits that are faintly hex- 
agonal in outline; that of the polar areas smooth, unmarked except for 
the micropyle. The eggs are usually fairly well covered with a trans- 
lucent cement produced by the moth for making them secure. 


The Larva. 


First instar.—Body white, about 3 mm. long. Head about .3 mm. 
broad. Setz proportionately long. Head, cervical and anal shields 
brownish; spines on anal shield not evident; spiracles circular; tubercles 
brownish, III a of abdomen not evident. 
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Second instar —Body white, about 6 mm. long. Head about .6 mm. 
wide. Setz proportionately long. Head, cervical, and anal shields 
brownish-black; anal shield rugose, spines scarcely evident; spiracles 
circular; tubercles brownish, III a of abdomen not evident. 

Third instar—Body white, about 12 mm. long. Head about 
1.15 mm. wide. Setz proportionately shorter. Spines on anal shield 
well developed; spiracles ovate; tubercles with more impigmentation; 
III a of abdomen evident. 

Fourth instar —Body white, about 20 mm. long. Head about 1.7 mm. 
wide. Appearance very much that of sixth instar larva. 

Fifth instar —Body white to yellowish white, about 25-27 mm. long. 
Head about 2.15 mm. wide. Appearance that of sixth instar larva. 

Sixth insiar larva.*—Head 2.5 to 2.7 mm. broad. Body averaging 
35 mm. in length and 4.2 mm. in width, cylindrical, of nearly uniform 
width throughout, segments AIII, AIV, AV, and AVI, being a little the 
broadest; posterior extremity spined; skin smooth, general color white 
to yellowish-white; tubercles prominent, elevated, unisetiferous, glossy- 
blackish; those of segment AIII circular except where noted: Tubercles 
II elliptical and about 1% times as far apart as tubercles I, III dorso- 
cephalad of spiracles, IIIa cephalad of spiracles, IV caudad and a little 
ventrad of spiracles, V elliptical, ventrad and a little cephalad of 
spiracles, VI dorsad and caudad of VII, VII partially encircle prolegs, 
and VIII very small, located one on the inside of each proleg; tubercles 
III and IIIa on AVIII usually fused, and IV is farther ventrad on 
AVIII than on AVII; those of AIX are mostly fused and contiguous 
with the anal plate. 

Head, cervical and anal shields are strongly chitinized, uniform 
glossy black; adfrontal sutures translucent, terminating in the occipital 
foramen; spinneret conical, exceeding the basal segment of the labial 
palpus, tapering to a truncated tip; anal shield rugose, bearing on its 
caudal margin a row of usually six large upturned spines; rims of 
spiracles jet black, central portions sooty black. 

Legs blackish, bases of claws broadly rounded. Prolegs unmarked 
except for impigmentation around tubercles VII, about 27 chrochets on 
each of first pair. 


Pupa. 


The pupa is russet brown in color, about 17-21 mm. in length and 
4-5 mm. in width; maxillary palpi not present; front drawn out 
anteriorly into two slightly diverging prominent processes that are 
coarsely rugose; clypeus conspicuously protruding ventrad, rugose; 
maxillz visible to near tips of mesothoracic legs, a little farther caudad 
than spiracle on fourth abdominal segment; antennz visible almost as 
far; anterior thirds of abdominal segments 4, 5, 6 and 7 sculptured with 
numerous, irregularly placed, round punctures; the third sculptured 
with the same anteriorly on the dorsum; spiracles elongate, oval, 
directed laterally, those of segments 2 and 3 bounded dorsally with 


*See Ellis for figure of sixth instar larva. 
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numerous coencentric sinuate ridges, cremaster well developed with four 
stout divergent spines directed dorsad; posterior surface of cremaster 
coarsely rugose, the rugosity seeming to originate as diverging ridges 
radiating from the caudal end of the anal slit; four stout accessory 
spinules anterior to cremaster directed caudad. 


Adult.* 


Forewing russet, mottled with gray, a bright orange spot at apex, 
another near base on inner margin, a third smaller near anal angle; 
bands obscured and wanting, terminal band brownish fuscus, transverse 
posterior band indicated by a double row of fuscus markings on veins, 
median and anterior bands suggested by grayish fuscus mottlings. 
Hind wings yellowish gray. Antenne yellowish. Palpi grayish 
fuscus. Face ferruginous to yellowish. Vertex orange. Thorax yellowish 
on mid-dorsum. Beneath yellowish gray, segments of tarsi outlined by 
pale yellowish. 

Male genitalia: Uncus represented by a stout straight spine 
directed caudad and ventrad; gnathos nearly as long as uncus; socii 
short, diverging somewhat, capitate; cucullus and sacculus of harpes well 
differentiated, cucullus about half as wide as sacculus, neck about one- 
third as wide as cucullus; costal hook short, stout, directed toward 
cucullus; aedoeagus without cornutii. 


Alar expanse: Male about 30 mm., female about 33 mm 


The writer is indebted to Prof. H. F. Wilson of the University 
of Wisconsin for the courtesy of reading the manuscript of this 
paper. 


SUMMARY. 


1. Thespindle worm, Achatodes zee (Harris), has been under 
observation at Madison, Wisconsin since the spring of 1927. 

2. It is believed that the range of the species will prove 
to be coextensive with that of its natural host plant, Sambucus 
canadensis L. 

3. Data gathered would indicate that while A. zee may be 
considered a potential pest of certain crops in some localities, 
it rarely attacks these in its natural environment. 

4. Detailed observations of the activities of the species 
under natural conditions were made, and were supplemented 
by studies of specimens in confinement. 

5. Achatodes zee has but one generation a year, and shows 
a nicety of adjustment to the seasonal development of the 
host plant. 





*Holland (7, Plate XXVI) figures the moth in color. 








1930] Breakey: The Spindle Worm 191 


6. The overwintering eggs hatch with the coming of warm 
weather and the young caterpillars seek the succulent shoots 
of the elder. 

7. Toward the end of June larval development is nearing 
completion and the caterpillars abandon their feeding burrows to 
seek quarters for pupation in the dry dead shoots of a former 
season’s growth. 

8. Eclosion reaches its optimum by the middle of July. 
Oviposition begins within a few days after the emergence of 
the moth. 

9. The eggs are inserted in close crevices and folds that 
occur in the dead and discolored remains of the host plant or 
in those of other plants in the immediate vicinity. 

10. Data on the longevity, preoviposition and oviposition 
of the adults are given. 

11. Natural enemies found attacking A. zee at Madison 
are: Microplitis gortyne Riley, Lissonota sp., probably brunnea 
(Cress.), Psychophagus omnivorous (Walk.), Amblyteles caeruleus 
(Cress.), A. brevicinctor (Say), and Ephialtes aequalis (Prov.) 
(Hymenoptera) ; and birds. 

12. Biological notes on the Hymenoptera are included. 

13. Quantative data obtained indicate that the chances 
for a fully developed spindle worm to become a moth are some- 
what less than one in three. 

14. Descriptions of the various stages of A. zee have been 
written. 
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THE BIOLOGY OF THE BOOK-LOUSE, 
TROCTES DIVINATORIA, MULL* 


O. W. ROSEWALL, 


Louisiana State University. 


The book-louse, a more or less cosmopolitan insect, was 
definitely brought to the attention of the author several years 
ago by the finding of heavy infestations in corn meal. Samples 
of this infested meal were placed in small wide-mouthed glass 
stoppered jars. After a period of six months or so the jars 
were fairly teeming with book-lice in various stages of growth. 
A careful study of the specimens proved that they were all 
of one species, Troctes divinatoria Mull. This source of mate- 
rial has furnished specimens for the life history studies consid- 
ered in this paper, and the paper is written with special 
emphasis on the use of the book-louse in classes in Entomology. 

All literature perused by the author has not brought forth 
a life history study of the book-louse. All accounts deal 
principally with reports of its presence, classification, economic 
importance, and control measures. References to life history 
of any of the Psocoptera are in regard to the winged forms, 
though H. A. Hagen reports having watched a large colony of 
book-lice in confinement in order to definitely prove that the 
apterous condition was constant. 

The use of the Book-louse in life history studies is very 
satisfactory. Each student is given a mature specimen from 
which to obtain eggs and the following equipment must be 
available: 


A large supply of drop-culture slides; those of matte finish with bottom 
of cell smooth and not polished are the best 

Trays to hold slides which are of a size easy to handle. 

Cover slips, size 22 mm. 

Vaseline. 

Corn meal; yellow seems to be the most satisfactory as food. 


The book-louse is placed in the cell of a drop-culture slide 
with a few grains of corn meal. Too much corn meal will 
make it almost impossible for a beginner to find the eggs. 


*Identification verified by A. N. Caudell, U. S. Bureau of Entomology. 
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The cell is then covered with a 22 mm. cover-slip held in position 
by a trace of vaseline. As the eggs appear they are placed in 
separate slides and properly labeled. The eggs usually adhere 
to the point of a needle when touched, so it is an easy matter 
to transfer them. The work is best handled indoors, as in the 
case of nearly all life history work, in a room of fairly constant 
temperature. 

Sometimes the work is carried on for quite a while before 
the student inquires as to where the males are. 

Parthenogenesis: After several years of observation on the 
life history of the book-louse the author reached the conclusion 
that parthenogenesis occurs in the book-louse, which fact 





Fic. 1. Diagram for plotting life histories of the book-louse. 


makes it more interesting for use in life history work by the 
student. It also makes the routine work easier. So far the 
author has never found a male book-louse. 

In the experiment the original female, with which the 
experiment begins, is given a number as shown below. Each 
radiating line represents an egg deposited by the female and is 
given a number which is placed at the termination of the line. 
The time of deposition and hatching may be recorded along 
the line. 

Nymphs 15', 15’, 15%, etc., may be carried respectively on 
the same plan. 

*Eggs: The white, oval-shaped eggs are usually placed 
among or under the meal particles and are rather difficult to 


*A technical description of the egg and nymphal stages will appear in a 
separate paper. 
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find. The rate of deposition changes with the weather con- 
ditions. 

Nymph: The nymphs upon hatching are pure white and at 
this stage, when motionless, are as difficult to find as the eggs. 
After each molt the nymph becomes darker in color and the 
adult is of a light brown color, though the degree of brownness 
varies a great deal. Typically there are three molts requiring 
a period of about thirty days. 


A summary of the tabulated data of life history studies 
carried on during the months of October to January inclusive, 
with temperature ranging from 50° to 87° F., is as follows: 


TABULATION OF RESULTS. 
ineeee in Days). 


No. of specimen.............. 1| 2 oe 4; 5]! 6] *7| *8| *9 |*10 | Av. 












































Preoviposition Period. r ... | 46 | 51 36 46 44 i “BL BA “49° 42° 31 45 
No. eggs deposited.. sts a8 4 30 28 14 9 9 31 44 36 12 | 20 
Av. Incubation Period....... | 19 EJ | 20 | 22 | 27 | 25 | 21 | 23 | 24| 11 | 21 
Life Cycle.......2.2.+2+-+-+. {IU [130 | 94 | 98 fir7 fuse |....]....]....[-..[10- 
Postoviposition Period....... ; 24 | 9 ) 1 1 | 4 ! 16 sf 1 ae ees i? 





*Denotes that adults are still alive. 


For comparison with the above averages, we find that 
averages obtained during the months of June to August 
inclusive, with temperature ranging from 60° to 95° F. were as 
follows: 


Average Incubation Period...... siSsens se Me Gee 
Average Number Eges Deposited. . wae 
A ee re 24.38 days 


The above averages, in comparing the summer months with 
the winter months, show clearly the effect of temperature on 
the length of life of the book-louse. 

During the past year, one female which lived from June 27 
to October 27, deposited a total of 98 eggs. 





JAMES WALKER McCOLLOCH. 


On November 11, 1929, James Walker McColloch, of the Depart- 
ment of Entomology of the Kansas State Agricultural College, died 
at Manhattan, Kansas. 


Professor McColloch was born at Anthony, Kansas, April 14, 1889. 
While still an undergraduate student at the Kansas State Agricultural 
College he began his entomological work on an appointment as special 
field agent. His investigations, begun at this time (1910) on such 
major pests of field crops as the corn earworm, Hessian fly and chinch 
bug, eventually led to wide recognition of his abilities as a research 
worker. As an example of what his ability and sound judgment meant 
to other investigators in his field, a noted State Entomologist from 
one of the eastern states recently made the statement to the writer that 
‘“‘whenever a perplexing problem confronts me upon which I seek 
advice from others I write to ‘Mac’ and can be assured of sound help 
in his reply.” 

Upon completion of his bachelor’s work in 1912, he was appointed 
assistant entomologist of the Kansas Agricultural Experiment Station 
and his work on the control of chinch bug and Hessian fly, dust sprays for 
corn earworm and the discovery of the chinch bug egg parasite led to 
his promotion in 1918 to Associate Professor of Entomology and 
Associate Entomologist of the Kansas Agricultural Experiment Station. 
His field of endeavor had expanded to include work on soil-inhabiting 
insects—especially wireworms and white grubs, insect ecology, the 
resistance of plants to insect injury, and at the time of his death he was 
carrying on extensive studies of soil insecticides. Along with these 
labors, he found time to do some graduate work and in 1923 received 
the degree of Master of Science. His executive ability was amply 
demonstrated during a two years’ absence of the head of his department 
when he served as Acting Head of the Department and State 
Entomologist, a service which led to his appointment, in 1925, to the 
rank of Full Professor. 

His many publications indicate the wide variety of interest he had 
in his chosen field. His scientific papers, circulars and bulletins are 
real contributions to entomology and many are widely quoted. Some 
of his outstanding papers are those on the chinch bug egg parasite, life 
history studies of the false wireworms, resistance of wheat to Hessian 
fly injury and his bulletins and circulars on the chinch bug and Hessian 
fly. His Kansas bulletin on the Hessian fly is the most comprehensive 
work on the subject that we have had in recent years. He loved to 
write and his critical ability led to editorial duties. At the time of his 
death he was Editor of the Bulletin of the Kansas Entomological 
Society. He was sectional editor for Biological Abstracts; was serving 
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on the editorial committee of the Kansas Agricultural Experiment 
Station and a member of the advisory committee of the Journal of 
Economic Entomology. In addition to his writing ability, he was a 
forceful speaker, one of the few research workers who could get his 
ideas across to farmers. 

He was an ardent worker in the American Association for the 
Advancement of Science, American Association of Economic Entomol- 
ogists, Entomological Society of America, Kansas Entomological 
Society, American Miscroscopical Society, Ecological Society of 
America and the Kansas Academy of Science. He was a member of 
Sigma Xi, Phi Kappa Phi, Gamma Sigma Delta, and Alpha Zeta. 
He took an active part in the conference of the North Central States 
Entomologists and the Rocky Mountain Entomological Conference. 
In all of these he demonstrated by his activities his earnest effort to 
promote the utmost co-operation among entomological investigators. 
The loss of his stimulating influence, friendship and helpful advice is 
inestimable and American economic entomology will miss him keenly. 


—Wws. P. HAyEs. 








PROCEEDINGS OF THE TWENTY-FOURTH ANNUAL MEETING. 


Des Moines, Iowa, December 28th to 30th, 1929. 


The Twenty-fourth Annual Meeting of the Entomological Society 
of America was held at Des Moines, Iowa, December 28, 29 and 30, 1929. 
The program included an unusual variety of topics and many valuable 
contributions to our knowledge of insects. The attendance ranged from 
75 to 150, with a total approximate attendance of 215 entomologists. 

The Annual Public Address was delivered by Dr. Wm. M. Mann, 
and was attended by 300 entomologists and others interested. The 
symposium was also very successful. The topic, ‘Important Con- 
tributions which America has made of the Study of Insects,’’ was 
exceptionally well handled by C. E. Mickel, D. M. DeLong, W. P. 
Hayes, E. F. Phillips, S$. A. Graham and Arthur Gibson. 


Opening Session, Saturday Morning, December 28th. 


The Society was called to order at 10:15 A. M. by President Brues, 
in the Ball Room of the Savery Hotel, Des Moines, Iowa. Attendance, 
150. The following papers were presented :* 


1. The Food of Insects Viewed from the Biological and Human Standpoint. 
C. T. Bruges, Bussey Institution. 

2. Another Season’s Trap-lighting of Leafhoppers. Paut B. Lawson, University 

of Kansas. 

Dragonfly Collecting in China. J. G. NEEDHAM, Cornell University. 

4. *On the Isolation, Cultivation and Classification of the so-called ‘‘Symbiont’’ 
or ‘‘Rickettsia’’ of Periplaneta americana. R. W. GLAseR, Rockefeller 
Institute. 

5. Key to Known Pupz of Genus Calendra with Host Plant and Distribution 
Notes. A. F. Satrertuwait, U. S. Bureau of Entomology. 

6. An Obscure Syrphid Differentiated by its Larval Characteristics. C. L. 
Mertcatr, University of Illinois. 

7. *Two South American Palm Bruchids. E. A. BLack and R. T. Corton, U. S. 
Bureau of Entomology. 

8. *Leaf Miners of Aquilegia, with Descriptions of New Species. S. W. Frost, 
Arendtsville, Pa. 

9. *Notes on Utah Aphidide. Gro. F. KNow.ton, Utah Agricultural Experiment 
Station. 

10. *Biology of Frankliniella fusca Hinds (Thysanoptera). C. O. Eppy and E. M. 

LIVINGSTONE, Clemson College. 
*The Biology of the Book-louse. O.W.ROsEWALL, Louisiana State University. 
Contributions to a Knowledge of the Spindle Worm, Achatodes zeae Harris. 
E. P. BREAKEY, Wisconsin Department of Agriculture. 


The following committees were appointed by President Brues: 

Nominating Committee—J. G. NEEDHAM, Chairman; ARTHUR GIBSON, 
G. A. DEAN. 

Auditing Committee—C. R. Crosspy, Chairman; W. S. Hayes, C. E. MICKEL. 

Resolutions Committee—E. D. Batt, Chairman; C. L. Metcatr, C. P. GItLeTTe. 

Special Committee on Nomenclature—TueEo. D. A. COCKERELL, Chairman; 
J. M. Swarne, H. H. Knicur. 


“Papers indicated by an asterisk (*) not read. 
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Second Session, Saturday Afternoon, December 28th. 


The Society was called to order at 1:45 P. M. Attendance, 125. 
The following symposium was presented: 


IMPORTANT CONTRIBUTIONS WHICH AMERICA HAS MADE OF THE 
STUDY OF INSECTS. 


ie eI ts acy Sona 10's ns 0 SOP AEM xr LENS OSA G WSO Redes Or SS A C. E. MICKEL 
Eh ors a UR in a win oiled Wie any aia Gdn se 9 aves Sa D. M. DELonG 
ie NE «Sis \casdivcn Poh awk Cap Mine EWS ws Re Rd eee EKO EE W. P. Hayes 
ie INNES 55556 wb orcta a eR TER A ERS. A UN OEOESo Keane do ONRas E. F. PHILiips 
A CA Cth) ale lah taPUR eS ale lah ciate a obese g 6 Vinca docs se S. A. GRAHAM 
6. 


So hie, 8s’ n is ss onan esas eed 9 Pale ahs dorsi cone ia hire ARTHUR GIBSON 


The following paper was presented: 


13. Nesting Habits and Parasitic Relationships of Wild Bees. G. P. Custer, 
State University of Iowa. The paper was followed by two reels of moving 
pictures. 


Third Session, Sunday, December 29th. 


Members of the Society went to Ames, where they inspected the 
entomological facilities of the Iowa State College and listened to an 
interesting talk by Prof. Herbert Osborn on entomologists of the middle 
west. 


Fourth Session, Monday Morning, December 30th. 


The Society was called to order at 9:30 A. M., in the Assembly Room 
of the Savery Hotel. Attendance, 100. 


The following papers were presented: 


14. A Contribution of the Knowledge of the Life History of Bremus americanorum 
(Fabr.) (Hymenoptera). T. H. Frison, University of Illinois. 

15. The Biotic Constants of Insects. R.N. CHAPMAN, University of Minnesota. 

16. An Analysis of Metamorphosis in Insects. C. H. KENNEDY, Ohio State 
University. 

17. *Nutrition of Certain Wood-Boring Insects. NELLIE M. PAYNE, University 
of Pennsylvania. 

18. Dormancy in Reduvius personatus (Linnaeus). P. A. REApIo, University of 
Kansas. 

19. Insect Excretion—Studies on the Malpighian Tubules. R.A. MuTtTKowskI, 
University of Detroit. 

20. The Hypodermal Glands of the Black Scale, Saisseta olee (Bernard). Wm. S. 
MARSHALL, University of Wisconsin. 

21. The Postembryonic Development of the Antenne of Certain Paurometabolous 
Insects. F. L. CaAmMpBELL, U. S. Bureau of Entomology. 

22. Tracheal System of the Larva of the Rice Water Weevil (Lissorhoptrus 
simplex). Dwicut IseLy and H. H. ScHWARDT. 

23. Tarsal Claws of Noctuid Larve. J. H. Hawkins, Maine Agricultural Experi- 
ment Station. 

24. The Beginning Course in Entomology. STANLEY B. FREEBORN, University of 
California. 

25. Why do we Study Insects? E. P. Fett, Bartlett Research Laboratory. 


Fifth Session, Monday Afternoon, December 30th. 


The Society was called to order at 1:45 P. M., in the Assembly Room 
of the Savery Hotel. Attendance, 75. 
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The following papers were presented: 


26. Early Work and Workers in American Hemipterology. HERBERT OSBORN, 
Ohio State University. 

27. Entomology Around the World. T. D. A. CocKERELL, University of 
Colorado. 

28. Rearing and Contact Insecticide Tests on Houseflies. Gro. L. HocKENYos, 
University of Illinois. 

29. Some Erythroneura of the Obliqua Group (Homoptera-Cicadellide). R. H. 
BEAMER, University of Kansas. 

30. An Unusual Nest of Vespa. H. B. HUNGERFoRD, University of Kansas. 

31. *Here and There in European Museums. H. B. HUNGERFORD, University of 
Kansas. 


The Annual Business Meeting followed the reading of papers, as 
follows: 


REPORT OF THE SECRETARY. 


Previous to July 1, 1929, the following, having been duly nominated and 
recommended, were elected members of the Society by mail ballot of the Executive 
Committee: 

H. C. ATWELL, 101 Court House, Portland, Oregon. 

CLINTON J. BusHEY, Olivet College, Olivet, Illinois. 

Ropney CEciL, Agricultural Experiment Station, Geneva, N. Y. 

S. M. Cenpana, Agricultural College, Laguna, P. I. 

Dona_D DELEON, Forest Insect Field Station, Coeur d’Alene, Idaho. 

Miss [RENE D. Dosrosky, 1086 N. Broadway, Yonkers, N. Y. 

DeuBertT L. Moopy, Department of Zoology, Ames, Iowa. 

Jean Pratt, 344 Northern Ave., Indianapolis, Ind. 

S. ALBERT SHAW, Hampton, N. H. 

FREDERIK J. SpruiGt, P. O. Box 277, Sumner, Wash. 

NosuyosuH! Tozawa, Komatsubora-cho 62, Kitaku, Osaka, Japan. 

C. W. WursTerR, 15 West Eleventh St., New York, N. Y. 


With the approval of the Executive Committee, Dr. Wm. M. Mann was invited 
to give the annual address of the Society at the Des Moines meeting. It was also 
decided to hold a symposium on the subject, ‘‘Important Contributions which 
America has made of the Study of Insects.” 

Dr. C. H. Richardson kindly consented to act as chairman of the Committee 
on Arrangements for the Des Moines meeting. 

The Executive Committee met at 5:00 P. M., December 28, in Room 402, 
Savery Hotel, the following members being present: C. T. Bruges, H. B. HUNGER- 
ForD, C. H. Kennepy, W. A. RILEY and J. J. DAvis; also the following appointed 
to act for those members not present: Ww. S. MARSHALL, C. L. METCALF, ARTHUR 
Gipson, G. A. DEAN and F. C. BisHopp. 

The following were elected to membership: 

L. D. ANDERSON, 1621 Edgehill Road, Lawrence, Kansas. 

O. S. BarE, 1535 N. Thirty-second St., Lincoln, Nebraska. 

_ Wo. DELLEs BEDARD, 334 Clairmonte Ave., Syracuse, N. Y. 

LUCIEN BERLAND, sous-directeur du Laboratoire d’entomologie au Museum 

d'Histoire Naturelle, 45 rue de Buffon, Paris Ve, France. 

Marion W. Borset, Zoology Department, Miami University, Oxford, Ohio. 

Mytos F. Bowen, 441 N. Fifth, East, Logan, Utah. 

Tom A. BRINDLEY, Science Bldg., Iowa State College, Ames, Iowa. 

Frep D. ButcHer, Extension Service, Iowa Agricultural College, Ames, Iowa. 

Louis CERNY, 1001 West Hills Pky., Lawrence, Kansas. 

Joun F. CuristENsEN, Wellsville, Utah. 

Donacp L. Coiiins, 144 Pulteney St., Geneva, N. Y. 

James G. Conkitn, Department of Entomology, O. S. U., Columbus, Ohio. 

CLARENCE PuiLrs Custer, University Hospitals, lowa City, Iowa. 
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MERRILL M. Dartey, 473 Fourth Ave., Salt Lake City, Utah. 

E. Hoyt DEKLEINE, 201 I Tilden Gardens, 3000 Tilden St., N. W., Wash- 
ington, D. C. 

Howarkpb Dokrst, 925 Indiana St., Lawrence, Kansas. 

Craic W. EaGteson, B. & Z. Bldg., Ohio State University, Columbus, Ohio. 

Joun Harwoop. Evans, 502 West Illinois St., Urbana, III. 

NEAL E. Evans, 1201 Tennessee St., Lawrence, Kansas. 

HOWARD EMERSON GUTHRIE, 2644 Lincolnway, Ames, Iowa. 

KENNETH A. HAINES, Department of Entomology, Ohio State University, 
Columbus, Ohio. 

F. H. Harriés, 473 Fourth Ave., Salt Lake City, Utah. 

NicHo.as W. HATFIELD, 3302 E. Fall Creek Blvd., Indianapolis, Ind. 

Pau. E. HERING, Department of Biology, Rensellaer Poly. Institute, Troy, 
ie # 

EpGar Herr, Ohio Agricultural Experiment Station, Oak Harbor, Ohio. 

Wo. A. HIEsTAND, Biology Bldg., Wisconsin University, Madison, Wis. 

ALEXANDER C. Hopson, Zoology Department, University of Minnesota, 
Minneapolis, Minn. 

ELMER C. Hopson, 48 Sherwood St., Roslindale, Mass. 

CLARENCE HoFFrMAN, 1133 Rhode Island St., Lawrence, Kansas. 

EDWARD WALLEY JONES, Department of Entomology, University Farm, St. 
Paul, Minn. 

CHEsTER B. Keck, Box 491, Orlando, Fla. 

Earv Lott, A. & M. College, Miss. 

ANNIE LAURIE MCCLANAHAN, Box 184, A. & M. College, Miss. 

H. Evtiotr McCuiure, 925 W. Wood St., Decatur, Il 

Epw. R. McGovran, Department of Entomology, Iowa State College, Ames, 
Iowa. 

WitiraM D. McILroy, 192 Prospect Ave., Ingram, Pa. 

HARLAN B. MILLs, Science Bldg., Ames, Iowa. 

DupbLey Mou ton, 149 California St., San Francisco, Calif. 

Paut OMAN, 925 Indiana St., Lawrence, Kansas. 

ANDRE AuDANT, Department of Entomology, Kansas State Agriculture 
College, Manhattan, Kansas. 

HAROLD Peters, 1709 Louisiana St., Lawrence, Kansas. 

ARTHUR M. Puitiips, Box 2080, Orlando, Fla. 

GriFFIN L. Paitiips, Baldwyn, Miss. 

Lucius B. Reep, Box 415, Picayune, Miss. 

Henry H. RICHARDSON, Science Bldg., Iowa State College, Ames, Iowa. 

MERRILL F. RiLey, 2535 B. East Manoa Rd., Honolulu, Hawaii. 

Kay SAKIMURA, Greenwood, Utah. 

CarL THEODOR ScHMIDT, Division of Entomology, University Farm, St. Paul, 
Minn. 

HERMAN SCHROEDER, 1336 Vermont St., Lawrence, Kansas. 

LAUREL Setry, 1743 Louisiana St., Lawrence, Kansas. 

GILBERT SHAW, 808 Alabama St., Lawrence, Kansas. 

WEsLEY E. Suutt, 121 Almon St., Moscow, Idaho. 

PEREZ StmMons, 712 Elizabeth St., Fresno, Calif. 

ARCHIE NORMAN SOLBERG, 1307 Thirteenth St., North, Fargo, N. Dak. 

Henry A. StaBe, Department of Zoology, Louisiana State University, Baton 
Rouge, La. 

JoHN BENJAMIN STEINWEDEN, 149 California St., R. 420, San Francisco, Calif. 

L. LAGRANDE STIRLAND, Providence, Utah. 

EpwWIN Swope, 730 Kentucky St., Lawrence, Kansas. 

RAYMOND LEECH TAYLOR, Maine Forest Service, Bar Harbor, Maine 

James R. THomson, Box 445, Fort Valley, Ga. 

Y. H. Tsou, Bureau of Entomology, Hangchow, China. 

LEONARD D. TurTuHiLt, 246 E. Thirteenth St., Baxter Springs, Kansas. 

HENRY THOMAS VANDERFORD, A. & M. College, Miss. 

RoBERT EMERSON WALL, 1506 Raymond Ave., St. Paul, Minn. 

R. M. Wuitr, Treesbank, Manitoba, Canada. 

DonaLp ALDEN WILBUR, Entomology Department, Kansas State Agricultural 
College, Manhattan, Kansas. 
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GEORGE VAN Wiisy, North Dakota Agricultural College, Fargo, N. Dak. 
Homer C. WILL, Dept. of Zoology, University of Pittsburgh, Pittsburgh, Pa. 
Total new members, 80. 
The following members have died during the year: 

EpwIin E. CaLper, January, 1929. 

WALTER M. GirrarD, June 30, 1929. 

FrANK M. Gipson, September 24, 1929. 

J. W. McCottocn, November 11, 1929. 


The following members have resigned during-the year: 

Lloyd Ackerman, W. D. Edmondson, H. L. Fackler, W. H. Goodwin, Wm. 
Haren, Marshal! Hertig, S. Arthur Johnson, Wm. Middleton, E. Mortensen, E. 
Sasscer, Nina G. Spaulding, Geo. W. Still, B. W. Wells, and J. E. Williams. 

The following members were elected to fellowship: 

C. F. Adams, A. C. Baker, A. C. Boving, P. W. Claassen, C. R. Crosby, T. H. 
Frison, W. P. Hayes, W. B. Herms, E. F. Phillips, and S. A. Rohwer. 


J. R. de la Torre Bueno, on payment of $50.00, was transferred to life 
membership. 


a> 


Moved and seconded that the selection of members of the Editorial Board of 
Annals to succeed R. W. Doane, J. A. G. Rehn and H. E. Ewing, be left in the 
1ands of C. H. Kennedy and Herbert Osborn. Carried: Members selected are 
W. B. Herms, R. E. Snodgrass and P. P. Calvert. 

Moved and seconded that H. E. Ewing and P. B. Lawson be elected to member- 
ship on the Thomas Say Foundation Committee to succeed J. C. Bradley and 
Arthur Gibson. Motion carried. 

Moved and seconded that, in the case of nomination of foreign members, the 
advance payment of dues be waived, provided that membership in the Society be 
withheld until the payment of such dues. Motion carried. 

Moved, seconded and carried that a memorial of the late J. W. McColloch 
be published in the ANNALS. 

Voted to recommend to the Society that it support the Zoological Record 
for the coming year to the extent of $25.00. To this amount, Theo. D. A. Cockerell 
added $5.00, making a total of $30.00. 

Voted to accept the invitation of the National Research Council to member- 
ship and representation in the Division of Biology and Agriculture of the Council. 

Arthur Gibson was asked to present to the Fourth Empire Imperial Bureau 
Conference, greetings from the Society. 

A communication from the National Committee on Calendar Simplification 
was laid on the table without action. 

The Executive Committee adjourned at 7:00 P. M. 

Respectfully submitted, 
J. J. Davis, Secretary. 


On motion the Secretary’s Report was accepted. 
REPORT OF THE TREASURER. 
CURRENT FUNDS. 


RECEIPTS. 


Balance, December 28, 1928 (See ANNALS, XXII, p. 150) $2,050.45 
From Annual Dues of Members to December 10, 1929 , 2,109.97 
From Managing Editor of the ANNALS . 1,625.69 
One Life Membership Sha , 50.00 
Interest on Savings Account, July 1, 1928, to July 1, 1929 124.41 
Interest on Liberty Bonds eats 15.48 


Total $5,976.00 
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EXPENDITURES. 





Exchange on Canadian Checks (Check 72)..............cccccccseccceees $ 85 
SNE rE WP I on on 5 hy 905.8 bios oes eee een eevancnawseaneme 25.25 
Stamped Envelopes (Checks 61, 84; GB)... o.oo. cc ccccesccecceccccens 65.56 
Lafayette Printing Co., 1928 Programs (Check 74).................2.05. 33.00 

Lafayette Printing Co., Letterheads, Blanks, 1929 Programs, etc. 
TE ao orale cou nie icy bieelai oe Saiblaa Meda s va bee cers 70.75 

Spahr & Glenn Co., Printing Annals for December, 1928, March, June 
and September, 1929 (Checks 78, 80, 85, 91)................c ce eeeee 2,999.95 
Clerical Services (Checks 70, G2, SB, 87, SD, GZ)... one cc cccccccccsccs 71.80 
C. H. Kennedy, Etching Paid by S. W. Frost (Check 86)................ 3.62 
Transferred to Permanent Fund for One Life Membership............... 50.00 
Interest Transferred to Permanent Fund..................ccceeceeeeeee 139.89 
J. J. Davis, Cash Payments per Attached List (Check 94)............... 5.31 
NUD hk asc cee a a ed ds RA DA LA RVeb ia eee $3,465.98 
Balance, Cash on Hand, Purdue State Bank, December 10, 1929......... 2,510.02 
$5,976.00 

LIABILITIES. 


The Society owes the publishers for the December, 1929, ANNALS and a few 
miscellaneous expenses, and $1,086.00 of the above cash receipts are 1930 dues. 


PERMANENT FUND. 


LAterty Bomis CAMMALS TAIT, BoB o ss voce sscsiccccnvcvccesonssensc $ 350.00 
In Purdue State Bank (ANNALS XXII, p. 150)............ 0. cece ee ee eee 1,850.00 
One Life Membership (J. R. de la Torre Bueno).....................05: 50.00 
I es od Pere Stace oc aicnlisn Ch nlelrde SRiIEN a eS 139.89 

MN iat sc ts Wik bik Oe ORNS OR A AORN LED CRE RAS ER LEO eS . $2,389.89 

RESOURCES. 

NII iat fa ras 0 4s vid rian Se eats SAN Ces 485.4 late eee $ 350.00 
savings Account, Purdue State Banke... ...... 2.0 cccccccccccccescsesscves 3,486 . 96 


Balance in Checking Account, Purdue State Bank....................05. 1,062.95 


PNR Soe ec fades veer ea SURES de eS EEO eon $4,899 91 


Respectfully submitted, 
J. J. Davis, Treasurer. 


REPORT OF COMMITTEE ON INSECT COLLECTIONS IN 
AMERICAN MUSEUMS. 

In continuation of the plan of recent years requests were sent to about 60 
different institutions where insect collections were maintained, with requests 
for information concerning recent additions and items of interest concerning 
collections, and where no previous report had been made, for a summary of the 
principal features of the collection. 

Reference to previous reports with these additions gives us a quite compre- 
hensive survey of the status of the principal collections for the United States and 
Canada. 

United States National Museum: Dr. J. M. Aldrich, Associate Curator of 
Insects, furnishes the following statement: ‘‘The principal addition of the year 
has been the collection of the Brooklyn Museum of Arts and Sciences, reported in 
the Annals last year on page 155. This has been deposited here on account of the 
decision of the directors of the Museum to use all their facilities for educational 
work. We received just about what is listed in the Annals cited, something over 
100,000 specimens, with types of approximately 1100 species. Other additions of 
noteworthy size and interest include 900 Lepidoptera from New Zealand, received 
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from Dr. Alfred Philpot; 500 Microlepidoptera from Jeane D. Gunder, Pasadena, 
California, 5,000 South American beetles, from G. L. Harrington, Argentina; 
over 2,000 Asiatic wasps and over 10,000 miscellaneous insects from the Bureau 
of Entomology; over 50,000 miscellaneous insects from George D. Dimmock, 
Springfield, Mass.; 5,000 beetles from L. L. Buchanan of che Bureau of Entomology; 
2,000 Siamese insects from Dr. Hugh M. Smith, Bankok, Siam; 15,000 miscellaneous 
insects from China, collected by D. C. Graham. In addition, the Museum has 
recently received a large shipment of approximately 50,000 specimens which have 
not yet been accessioned; 2,000 Diptera of northern Europe, collected by myself; 
a growing number of outside entomologists make a practice of depositing their 
types here.’’ 

The American Museum of Natural History: During the past year The American 
Museum Collection of Insects has been enriched by specimens collected on expedi- 
tions to tropical America. The more important of these being the Tyler Duida 
Expedition, 3100 specimens; Lee Garnet Day Mt. Roraima Expedition, 1100 speci- 
mens, and the Museum Expedition to the Panama Canal Zone, 7500 specimens. 
Our largest single donation consisted of a collection of more than 1000 named 
Diptera received from the Canadian Government, Department of Agriculture, 
through kindness of Dr. J. McDunnough. In addition to the above we have 
received numerous smaller lots of specimens which would make a total of nearly 
20,000 specimens added to our collection during the year 1929.—F RANK E. Lutz. 


Museum of Comparative Zoology: The principal additions during the year 
have been a collection of insects and arachnids made by Frank Werner in Algeria 
and Morocco, largely named and including a few types of Werner, and the large 
collection of myrmecophilous insects presented by Dr. W. M. Wheeler. Mr. 
Fairchild collected about 1,000 insects in Florida and the curator as many locally. 
With the aid of T. H. Hubbell, the United States Orthoptera have been arranged. 
The most important event was the accession of 1,000 new boxes.—NATHAN BANKS. 


Boston Society of Natural History: In connection with some work preparatory 
to celebrating the one hundredth anniversary of the Society in 1930, a census of the 
New England collection of insects was made. The result showed 10,043 determined 
species and varieties, represented by over 62,800 specimens. The above figures 
include about 550 types, but do not include the Harris collection, containing about 
4660 species (including 140 types) and 9750 specimens, nor, the exhibition series 
contained in 64, 24 x 30 inch, glass-covered cases.—CuHAs. W. JOHNSON. 

Massachusetts Agricultural College: The development during the last twelve 
months has been only that of such normal increase as might be expected, with the 
exception of a valuable donation of named Coleoptera from Mr. H. L. Frost of 
Framingham, Mass. No other important gifts or collections of any size have been 
added to the department, but the Coleoptera have been very largely rearranged 
and many new species worked into place.—H. L. Fernald. 


Bureau of Plant Industry, Harrisburg, Pa.: The insect collection consists of 
about 50,000 specimens, representing approximately 10,000 species. The majority 
of these are Pennsylvania insects; the orders Coleoptera, Diptera, Lepidoptera and 
Hymenoptera are the best represented. The collection of pinned specimens is 
contained in modern cases similar to those used in the United States National 
Museum. The slide material and alcoholic collection are not so well represented. 
No intensive taxonomic work, extensive collecting or additions have been 
attempted during the past year but the collection is well cared for and preserved 
for general use.—R. H. BELL. 

Agriculture Experiment Station, Newark, Delaware: The insect collection 
includes a wealth of undetermined material representing many groups, the result 
of collections from 1889-1899 by G. Harold Powell, from 1900-1902 by E. Dwight 
Sanderson, 1903-1925 by C. C. Houghton and from 1925-1929 by H. L. Dozier. 
The determined material comprises some 800 species of Coleoptera, a smaller num- 
ber of Lepidoptera and Diptera and a series of the economic insects of Delaware 
arranged according to host plants for classroom use. At present the entire col- 
lection is most inadequately housed in the Department of Biology. Were facilities 
available for its determination, arrangement and display, it would constitute an 
excellent exhibit of the insect fauna of the state.—-L. A. STEARNS. 
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The a Carolina State College of Agriculture and Engineering: Our collections 
during the past year have been enrich ed by considerable additions from Cuba, 
Mexico, Gontent ‘and South America and Eastern South Africa.—Z. P. METCALF. 


Alabama Polytechnic Institute: The collection is being transferred from the 
old style glass top insect trays to Schmidt boxes, some 120 boxes having been 
added to the insect museum this past vear. There are approximately 20,000 
specimens in the collection. Since July 1, 1929, Dr. Henry G. Good has been giving 
approximately one-fourth time to building up the insect collection, rearranging, 
and determining much of the unidentified material. The cataloging and counting 
of determined specimens has not been completed.—J. M. Rosinson. 

State Plant Board of Mississippi: During the past year Dr. C. E. Mickel has 
named and returned to us a number of specimens of Mississippi Mutillide. Among 
them were several new species, the types of which have been incorporated in our 
collection. Dr. M. R. Smith has continued the systematic study of the ants of 
Mississippi and reports that he has 120 species that have been collected in the 
state. About 5 per cent of them are new species that have been described and the 
types are in our collection. Mrs. Gladys Hoke Lobdel! has continued her system- 
atic studies of the scale insects of Mississippi and has described a few new species, 
the types of which are in our collection.—-R’. W. HARNED. 

University of Nebraska: During 1929 the insect collection at this University 
received no very important additions, but did receive considerable attention 
along the line of improvement by rearrangement. Mr. O. S. Bare made con- 
siderable progress in rearranging the Coleoptera to conform with Leng’s check 
list. A collection of South American Bembecid wasps sent to the U. S. National 
Museum in 1926 was identified by Dr.-J. B. Parker and returned, including the 
allotype and several paratypes of Trichostictia bruneri. The collection of Formi- 
coidea was named and rearranged by Mr. Bare, and the collection of Vespoidea, 
exclusive of the Mutillida which had been arranged by Dr. Mickel previously, 
was named and rearranged by Mr. Raymond Roberts, Instructor in the Depart- 
ment of Entomology.—Myron H. Swenk. 


Kansas State Agricultural College: Dr. Warren Knaus, who donated, several 
years ago, to this institution his large collection of Coleoptera, is now devoting 
his entire time to the reclassification and final arrangement of the insects before 
~ ‘v are placed in the museum at the Kansas State Agricultural College. During 

» 47 years that Doctor Knaus has been collecting and studying bee tle s, he has 
whe together one of the greatest collections of the Coleoptera. No doubt 
it is the greatest collection of beetles in the Southwest. It contains more than 
100,000 specimens ees about 10,000 species. More than 100 of them are 
new species taken by a vector Knaus. Some of these new species are not found in 
any other collection.—Gro. A. DEAN. 


Colorado State sciaaaca College: The insect collection was started when 
the writer took charge of the Department of Zoology and Entomology in the 
spring of 1891. The plan has been through the years, first; to get together as 
representative a eolleatinn as possible of the insect fauna of the state and second; 
to make as complete a collection as possible of special groups upon which members 
of the department might be working. Most of the collecting during the past 
15 or 20 vears has been in these special groups. A summary of the collection 
shows 9586 species.—C. P. GILLETTE. 

University of Kentucky Experiment Station: Collections of insects consists 
of over 52,000 pinned specimens kept in Schmidt or similar boxes and these in 
turn are inclosed in glass-front sectional cases. The approximate number is 
52,385 specimens.—M. L. DIDLAKE. 

Louisiana State University: A note from Professor W. E. Hinds states that 
‘Arrangements are under way by which the C. H. T. Townsend collection of 
Diptera, containing especially large numbers of species of Tachinide, will be 
deposited by the Peruvian Experiment Station to which it belongs, in the U. 5S. 
National Museum in the near future. This disposition of this collection is made 
so that it may be made available for workers in Diptera who may be interested in 
it and will be safely cared for. It may be recalled to Peru in the future if that 
seems advisable.”’ 





on 
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State College of South Dakota: All collections are housed in the Entomological- 
Zoologicé ' Bui ‘Iding. The collections from the State of South Dakota are excel- 
le m and fairly complete for most orders. Especially noteworthy is the collection 
f Orthoptera. This collection includes more than 125,000 pinned, named speci- 
mens. While the majority of the se specimens were taken from the Great Plains 
States, the collection is also fairly complete for the = ates east of the Mississippi 
River, and for Oregon, Washington and British Columbia. In addition, the 
collection of Orthoptera includes many hundreds of species from Africa, Europe 
and Asia. The Truman collection of Lepidoptera and Coleoptera is now the 
property of the State College of South Dakota. This collection is made up of 
materials collected principally in the United States, Canada, Mexico, South 
and Central America, nal the British Isles. While collections contain some 
types, we plan to present these to the U. S. National Museum in the near future. 
—H. C. SEVERIN. 

Cornell University: We note the following additions to our material, only 
the first item of which may be considered of very great importance. 1. A large 
collection of Chinese Odonata, including types. 2. An unstudied collection of 
Peruvian Hymenoptera. 3. Extensive collections of Scoliide, chiefly from Java 
and South America.—J. CHESTER BRADLEY. 

Experiment Station of the Hawaitan Sugar Planters’ Association Honolulu, 
Hawaii: The collections of local material contain practically all of the species 
of the lowlands and cultivated districts and besides a fairly good representation 
of the native insects of the mountain forests. These are chiefly in cabinets con- 
venient for ready reference or study, and are continually being added to. Of 
foreign material, there is a large accumulation of Hymenoptera, Col eoptera, 
Diptera, Heteroptera, Homoptera, Lepidoptera (and lesser quantity of some 
other orders) secured by the entomologists of the Station while travelling in 
various foreign countries on parasite research work. These are largely from 
Australia, Malay Islands, Philippines and South America. The most of this 
material is stored in about 600 Schmidt boxes and has not been worked up and are 
arranged in a large cabinet. There are several hundred types. The Hemiptera 
are practically worked up and arranged in a few cabinet drawers. The wasps are 
partially worked up and occupy more than 50 Schmitt boxes. There is a large 
Coccinellid collection (over 20 boxes) the collections of the late Albert Koebele 
during the time that he was engaged in the introduction of beneficial insects into 
Hawaii. They are chiefly from Australia, Fiji, China, Java, Japan and Mexico. 
The Harford collection of American Coleoptera which had been acquired by 
Mr. Koebele is contained in 82 boxes on our shelves. We have also a collection 
of all boxes of named California Coleoptera collected by the late Mr. W. M. 
Giffard. The latest addition to the collection is the extensive collection of 
Curculionide of the world brought together and worked up during the life time of 
the late Dr. David Sharp of England. This collection of Curculionide occupies 
about 100 large-sized insect boxes, many of them double boxes. Altogether there 
are many thousands of specimens. No estimate has been made of them. There 
are over 1000 types chiefly in Fulgoroidea, Heteroptera, and Parasitic Hymen- 
optera.—O. H. SWEZEY. 

Illinois State Natural History Survey, Urbana, Illinois: Although the collection 
has not been enlarged by any notable gifts during the past year, the insect collection 
of this institution has continued to grow. During the past year special attention 
has been devoted to the building up of the collection of plant lice, stoneflies and 
sawflies. Over 5,000 slides of Illinois species of plant lice made from live material 
were added to the slide series, making a collection now of over 10,000 slides in 
this family of insects. The collection of Plecoptera, or stoneflies, was increased 
by the addition of some thousand specimens of immature and adult insects which 
have been preserved in fluid. Our collection of sawflies was considerably aug- 
mented by the addition of much new material belonging to the genus Dolerus. 
Approximately 2000 pinned specimens of various groups were added to the general 
collection from various sources.—THEODORE H. FRIsON. 


Committee: HERBERT OsBORN, Chairman, 
C. W. JoHNson, E. C. Van Dyke, 
J. G. NEEDHAM, NATHAN BANKS. 
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REPORT OF THE MANAGING EDITOR OF THE ANNALS. 


I wish to report that the ANNALS has been fortunate this past year in the 
quality of the articles submitted for publication, in the help given for special 
illustrations and in the receipt of a grant of $500.00 from the National Academy of 
Science. The annual volume now approaches 800 pages and will probably be as 
large in 1930. Ample material is in hand for the March issue and also articles for 
the June, 1930, issue. 

In general we have tried to follow the policies worked out and found best by 
Professor Herbert Osborn during his development of the ANNALS to its present 
form and standing as a scientific journal. 

I wish to speak my appreciation of Professor Osborn’s continued interest. 
He has been at the Editor’s right hand and has assisted during the summer when 
the Editor has been on his so-called vacation. 

The financial summary follows: 


RECEIPTS. 


ne NS oe ci b kya obs KAS ON ond Vea vain ....3 566.66 
From Sale of Back Volumes and Numbers..............0c0cecececeeeeee 299.70 
ee DIN PEIN oo ok. c ov oc che cinsc co eeevecdeddecesccucnes 543.14 
NN RN INI. oak wis es 0 a60: ki Smee a pad ed wed 4:6 Owe ck be SRS Weer 5.00 
Proms National Academy Of SCIONCS.....6.. cnc ccc csc cccssncceccencscens 500.00 

$1 914.50 

DISBURSEMENTS. 

Mailing Charges and Postage Stamps... EE TCT Tre: 
Stenographic and Clerical Service , ent uaee cake jtieehss ee 
Engraving Bills Pa avce eae : sgfaby, Sx elena eta ae Sade . 614.30 
Incidentals......... tiate eee ; ‘ een iy ceeds 48.56 





$ 930.62 


Remitted to Treasurer, December 10, 19RD... 0... sccccascocccvccesces 970.16 
SOATEST, SOMES BTS 6g v.00 0s oc vcvs vss's scivcckoxaverevens 14.32 
$1, 914.5 


Vouchers are submitted herewith. 


Respectfully submitted 
CLARENCE H. KENNEDY, Managing Editor. 


REPORT OF THE TREASURER OF THE THOMAS SAY 
FOUNDATION FOR THE YEAR 1929. 


RECEIPTS. 

Balance on Hand, pore 1, 1929, (See ANNALS XXII, p. 151)............ $13.13 
Sale of Volume [........5.0% pase Gta Seen Wk re ha REE ee A a aS 15.00 
ERE eae es a ee Be eae ee Re ee ae eee 27.95 
Interest on Savings Account ho a este gate nin ea ate a ata hoa e Sahat dhe a wae 46 
Total Receipts..... Cried ers ki Oe Fr EE ET IT ee oy $56.54 


(Due on Sales of Vol. Il, $5. 50.) 
EXPENDITURES. 


Postage on Volumes Mailed............ TOR oe Tee RTC TTS $ 2.40 
 ciicikiwodtvh cn eKNone wat. se eee eADRekss Chevnkr tase rere eek ee 1.00 
Interest on Loan of $325.00, Januz wry ry 1929, December eee | 
eee ee ee er re ree 33.64 

Ns anes ck ah osdas Ak meee ine os BLE aie Sibu aline ae boa aha ot ona $56.54 


There is a balance due on loan to pay for printing of volume II, of $325.00. 
Total net deficit, $291.36. 
Respectfully submitted, 


J. J. Davis, Treasurer. 
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REPORT OF THE AUDITING COMMITTEE. 


We, the Auditing Committee, have examined the books of the Thomas Say 
Foundation, the Treasurer of the Entomological Society of America, and the 
Managing Editor of the Annals, and have found them to be correct. 


Respectfully submitted, 
C. R. Crossy, Chairman, 
W.S. Hayes, 
C. E. MICKEL. 

By vote of the Society the report was accepted. 

The report of the Committee on Anatomical Terminology (G. C. 
Crampton, Chairman, O. A. Johannsen and R. E. Snodgrass) was 
received and after much discussion was referred back to the committee 
with the request that the committee circularize their report among 
the members and report back a year hence. 


No report was received from the Historical Committee. (This 
committee was approved at the last meeting of the Society and the 
following members were appointed by President Brues: Nathan 
Banks, Chairman, A. C. Kinsey and A. L. Quaintance.) 


The Committee on Coordination (Raymond C. Osburn, Chairman, 
A. L. Melander and J. J. Davis) reported excellent cooperation with the 
similar committee of the American Association of Economic Entomol- 
ogists in, avoiding serious program conflicts. 


Representatives on the Council of the Union of American Biological 
Societies (A. N. Caudall and A. G. Boving) presented the report of J. R. 
Schramm, Editor of Biological Abstracts. 

R. H. Van Zwaluwenburg was appointed last spring to represent 
the Society at the Fourth Pacific Science, held in Java. The notification 
reached Mr. Van Zwaluwenburg just after the meetings and too late 
to be presented to Congress. However, he very kindly submitted a 
brief report which was read to the Society. 

The special committee on Nomenclature appointed by the President 
at the opening session to consider proposed amendments of the Zoological 
code, recommended, through the Chairman, Theo. D. A. Cockerell, that 
more time be granted and suggested their report be submitted at a 
later date to the Secretary for proper transmissal. Approved. 

Publication of the membership list and the present Constitution and 
By-Laws approved. 


REPORT OF THE RESOLUTIONS COMMITTEE. 

Your Committee submits the following resolutions: 

1. That we express to the local committee and to the authorities of the Iowa 
State College our appreciation of their hospitality and of the many courtesies 
extended to the members of this society. 

2. That we commend the action of the Legislature of the State of Iowa in 
recognizing the value of scientific meetings by appropriations towards the expenses 
of this gathering. 

Respectfully submitted, 
E. D. Bat, Chairman, 
C. L. METCALF, 
C. P. GILLETTE. 
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REPORT OF THE NOMINATING COMMITTEE. 
The Nominating Committee beg to report the following as nominees for the 
respective offices for the year 1930: 
President—EpituH M. Patcu. 
First Vice-President—R. E. SNopGRAss. 
Second Vice-President—R. W. DOANE 
Secretary-Treasurer—J. J. Davis. 
Additional Members of Executive Committee— 
For term expiring December 31, 1982—C. L. MEtcaLr and P. J. PArrort. 
Councillors to the American Association for the Advancement of Science— 


W. A. RIvLey and A. L. MELANDER. 


By vote of the society.the report was accepted and the Secretary 
instructed to cast the unanimous ballot of the Society for the election 
of the persons nominated. 


The meeting then adjourned. 


Respectfully submitted, 


(Signed) J. J. Davis, Secretary 


BOOK NOTICE. 


A HANDBOOK OF THE MOSQUITOES OF NORTH AMERICA, 
by Robert Matheson pp. I-XVIII-268. 23 figures, 25 plates. 
Charles C. Thomas, Springfield, Illinois. 

This is a brief and beautifully printed handbook of the mosquitoes 
of North America, of the problems they bring to economic entomology 
and of the methods of their solution. The material is very well organ- 
ized so that it makes a very readable book as well as a handbook in 
which specific topics can be readily located. The chapter headings 
indicate the contents: I, Characteristics of Mosquitoes; II, Biology of 
Mosquitoes; III, Mosquitoes and Human Welfare; IV, Mosquito Re- 
duction; V, Collecting and Rearing; VI, Systematic; VII, Systematic. 
Apparently the author sinks a good many of the Dyar and Knalb 
species. The bibliography lists only twenty-two references but indi- 
cates those references having extensive bibliographies. The volume is 
obviously a very concise summary and key to the extensive literature 
on mosquitoes. 

C. H. KEnNepy. 








